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AN ANALYSIS OF INDIAN RAINFALLS USING THE MEDIAN AS A 

STATISTIC. 

BY 

L S MAHALINOAM. 

(Hire i ml on 23iil Novrwhci IH‘)7 ) 

Summary . — A general test, called the l-l test, which was recently Huggested by Dr S R. Savur 
( proc lnd Aiad Sci Junr 1937) has been uwd in this pit per to analyse the monthly ramfaU data at 
thirty five representative stations in India The unahsis, which is based on the .">% limits for random 
chance for *J, reveals the follow ms points — 

(t) The rainfall associated with thumb rstonns m the hot wcathci months is sharply differentiated 
from the rainfall of the monsoon months 

(tt) During the monsoon months a sigmlu ant im tease in lamfall amount is found from June to 
July, except in Buima and parts of northeast India Julj, which has generally the burliest rainfall, 
is found to show no significant difference from August, evu.pt in the western parts of the Peninsula. 
September shows generally a diHtmct dentasi from August, cvept in the southern and eastern parts 
of the Peninsula 

It is usual to adopt the arithmetic mean e\tensi\oh in statistKal analysis 
Such use is justified m the case of samples from normally distributed populations. 
When, however, the original distribution is skew an analysis of the data using the 
mean loses much of its value A gi.iphie.il method of analysing rainfall data by 
using the median and the mter-quartile lanue to t\pily a sample has therefore been 
recently put forward by P U Crowe m ( ] ) and later on in ( 2 ) The method lias been 
followed by H. A Matthews ( 3 ) in dicus^mg rainfall tvpes in India In these papers 
we do not find any satisfaetorv theoretn.il justification of the method employed. 
Very recently S R Savui ( 4 ’ 5 ) has suggested a method of statistical analysis using 
the median as a statistic He has shown that the analysis is quite geneial in that 
it is applicable to all eases irrespective of the frequency distributions. In this paper 
an analysis is made of monthly rainfall records of selet ted stations m India by using 
the median m the manner suggested bv Savur * The method is particularly appro- 
priate in the case of rainfall in arid or semi-arid places as it is yvell-known that the 
frequency distribution of rainfall m those areas is \ei\ skew 

~ *After the preparation of this analysis, the attention of the author was drawn to a paper by W R. 
Thomson in Ann. Math. Stat , Vol VII, 1936, where a method of using the median in tests of signi- 
ficance to that of S. R. Savur has been developed The formulae developed therein are somewhat 

complex and not so easy of manipulation an those given by Savur 

M37DGofOb 243 
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Suppose we wish to know whether one month at any place is rainier on the aver- 
age than another ; then the usual procedure lias been the following : — 

If we have records for w years we have n values of total monthly rainfall for each 
of the two months. Using “ Student's ” t test, say, we find out if the means of 
these two samples are significantly different from each other. If they aie not, we 
conclude that one month cannot be said to be wetter than the other , while if a 
significant difference be found, that month, having a bigger mean, is taken to be 
rainier than the other In a similar manner it is tested which of two places is rainier 
on the average For reasons mentioned above it appears better to use the 3 test (*) 
instead for this purpose. The method of procedure is as follows — 

Let us take the case of two months The rainfall records of each of the two 
months for all available years are first arranged in, sav, the ascending order of magni- 
tude. Let these be denoted by y x y 2 >/ 3 y n The median for each month 

can be found out. Suppose we use the 5° w limit for random chance. Then we use 
relation (iv) on p. 570 m reference (5) and calculate the 5% interval for the median 
rainfall of that month as explained in reference (5) If the two 5% intervals have 
a common part, we cannot say that one month is rainier than the other But if 
the intervals have no common part, then that month with the bigger median can 
be said to be wetter than the other 

The 5% intervals for IT in the case of rainfall in each of the twelve successive 
months for thirtyfive representative stations m India have been worked out in the 
manner outlined above and the results sot out in Table I In this table the median 
rainfall in each month is shown in italics A scatter diagram (after the manner of 
P. R. Crowe) has been drawn for one station, namely, Poona, by plotting the monthly 
totals year by year and is given m Plate I The height of the shaded area in the dia- 
gram represents the 5° ' n interval for the 3 of rainfall of each month. The position 
of the median is indicated hv a horizontal arrow within the shaded area. It can 
be seen that the rainfall amounts included in the shaded areas (or the 5% interval) 
define a group. As mentioned above, the rainfall of any month is significantly 
different from that of any other month if the 5% intervals corresponding to these 
two months have no common part 

It often happens that the 5% intervals for 3 in a few successive months, though 
showing no significant difference (as defined above) from any one month to the next 
succeeding month, assume certain typical forms Hence, if we are analysing the 
incidence of rainfall in consecutive months at any palce according to the 3 test it 
becomes necessary to define each of the typical types of distributions of the 5% 
intervals for IT we are likely to meet with 

(a) Suppose the positions of the 5% intervals for the IT of rainfall in two succes- 
sive months A and B are those shown in Fig. 1. In this case the 5% interval for 
the IT of rainfall in the month B is completely above that for A and hence has no 
common part with it The amount of rainfall in the month B is therefore significantly 
greater than that in the month A. 
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(b) If the positions of the 5% intervals for tj in three successive months. A, 
B, and C are as in Fig 2 , where there is a significant discontinuity between the alter- 
nate months A and C though those of adjacent months AB and BC overlap, we will 
define the change in the amount of rainfall from month A to month C to be gradual 
or progressive 


1 

ABC 

FIO .2 

(c) Let the positions of the 5° 0 intervals for ^ m four successive months A , 
5, C, and D be represented bv rectangles as in Fit/ *} We notice that the positions 
of the 5% intervals m the months J, B % and f 1 arrange themselves as m (6) while 
there is a significant decrease from f to I) In this case we will say that there 
is a gradual increase m the amount of rainfall from month A to month C and a sudden 
decrease from month V to month I) 



A 4 c 9 
FI*.* 


(d) When the positions of the 5% intervals for the q of rainfall m four succes- 
sive^ months A, B , C and D are as shown m Fig 4a , such that there is an area 
XX Y Y common to all these months in their respective 5% intervals, the median 
rainfall of each of these months may (all within this common area. We will say that 
in this case the rainfall is evenly distributed m these months 


A B C D 
FIG 4a. 


It is however necessary to impose some limitation to this definition of “ even 
distribution If the upper and lower limits for the Js of rainfall in a number of 
consecutive months are persistently higher (or persistently lower) from month to 
month, consistent with the condition for even distribution mentioned above (viz., 
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that there is an area common to all these months in their respective 6% intervals) 
we should perhaps consider whethci in this case there is a progressive increase (or 
progressive decrease) m spite oi the 5°,, intervals having a common part. Let us 
take a hypothetical case wlieie the positions of the 5% intervals m a few successive 
months are as shown m Fig U> ('an this he possible by random chance when all 
the months have a common u * We can tackle tins problem m the following way : 



TIG 4b 

Let the chance of the uppei limit for 'U in the month H being greater than that 
in the month A be p t 

Similarly let the chance ol 1 1n* upper bunt of the ft” „ interval m the month V 
being greater than that in the month B be /a 2 and so on 

Obwously \ Pi > p> 7 p 3 etc 

Then, it we are to treat the diMnbutum as b even ", the maximum number of 
consecutive months showing this feature should not exceed the value of n given by 
the relation (i) nI — - O-Oo , / c , n should not be greater than 5 Th.it is to say, it 
is only when, say, the upper B° n limit goes on rising (or falling) tor six consecutive 
months or moie that we have to sa\ (on the 5°,, limit for random chance) that, in 
spite of having a common part tor the f> 0 0 interval, there is an indication of a pro- 
gressive increase of rainfall Irom month to month. 

(e) Let the positions of the f)° 0 intervals for the 1} of rainfall in five successive 
months A f B, (\ D and E be represented as in Fiq J. In this case we notice a pro- 
gressive increase from *1 to C and a progressive decrease from C to E when each of 
these groups ot three months is consideicd separately. However the 5% intervals 
m the months B, C and D have a lonmion «iren XX'Y'Y and hence according to 
(i d ) the rainfall is evenly distributed m these* months. We therefore define this type 
as showing a gradual increase from A to Bp in even distribution m B , C and D and 
a gradual decrease from I) to E 



rio s 

We will use this method of analysis in a few cases 

Let us take Poona liist It is soon from Plate I that the upper and lower limits 
of the 5% intervals for the winter months December to March are zero, signifying 
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practically dry weather during these months. The effect of premonsoon thunder 
showers which begin in April is seen m the raising of both the limits of IT above zero 
in this month. The increase in thundershowers with the advance of the season is 
indicated by the 5% range for May (0-21 — 1-43) being greater than that for Apnl 
(0-04 — 0-32). But as these ranges overlap, it cannot be said, according to the cri- 
terion set out above, that the rainfall of May is significantly greater than that of 
Apnl. When next we survey the graph for June XT, we see that the 5% interval 
is 3-31 — 5*08. These figures are much higher than those for May and there is no 
overlapping. The rainfall in June which is mostly caused by the monsoon is hence 
significantly greater than the May rainfall associated with thunderstorms. It is 
further seen from the plate that the 5% interval for Q for July does not have a 
common part with that for either June or August The rainfall is highest in this 
month. This bears out the view that July is the month in winch the monsoon is 
most active in the greater part of the Bombay Deccan, except in its southeastern 
part as represented by Hholapur and Bijapur. There is a distinct decrease in rain- 
fall in passing from July to August, but this decrease is not maintained as September 
is not significantly different from August. The retreat of the monsoon in October 
becomes apparent by the significant decrease in rainfall m this month. There is 
a further sharp decrease m rainfall in passing from October to November indicating 
that the occurrence of heavy rainfall is rather rare in this month A perusal of the 
daily weather charts for November in the few years in which Poona had heavy ram- 
fall indicates that rainfall in Novembr in the Bombay Deccan has been usually asso- 
ciated with the incursion of humid winds into this region under the influence of storms 
or low' pressure areas which develop in the Arabian Sea and, moving northwards, 
ultimately cross the north Konkan and Kathiawar coasts. Occasionally heavy rain- 
fall is also experienced when there is a temporary extension of the northeast monsoon 
into the Bombay Deo-an or when cyclonic storms from the Bay cross the Peninsula 
in a westnorthwesterly direction. The average rainfall in November is, however, very 
small, as the number of occasions in which the effect of such cyclonic storms is felt 
in the Bombay Deccan is very small. 

In order to facilitate a comparative study of the regional discontinuities in rain- 
fall probability between adjacent months, graphs (in the form of histograms) show- 
ing the 5% interval for H for each month for each of the stations selected have been 
prepared and are set out in the chart in Plate II From this chart, rainfall dis- 
continuities between adjacent months, i.e when a significant difference has been 
obtained on the XT test, were read off for each of the stations , the results are summa- 
rised m the diagram m Plate III In this diagram an arrow appearing between one 
month and the next indicates a discontinuity in rainfall between the two months 
on the 5% limit of significance. The arrow is shown upwards if the discontinuity 
is due to a significant increase in the rainfall in the next month and downwards if 
the discontinuity is due to a significant decrease m the rainfall. 

Lot us now take the case of Port Blair. From Plate II and also the series of 
arrows against this station in Plate III, it will be seen that there is a sudden i nc. r p.aaft 
m rainfall m April. This is to be attributed to premonsoon thunderstorms ( # ) which 
begin in this month. On the other hand, it is more appropriate to associate the big 
increase in May with the Bay monsoon which sets m m the Andamans about the 
third week in May.* The 5% intervals for xi from May to September have a com- 
mon part (16 *48 — 16 ’55). From this we may infer that the monsoon r ainfall is 
“evenly distributed” in these months A sudden decrease in rainfall from September 
to October and the progressive downward trend in the months October, November 

* The monsoon rainfall is also associated with thunderstorms in the months May and June. 
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ami December are associated with the xetieat of the monsoon from this region in 
late October and the jrraclu.il weakening of the northeast monsoon from October to 
December. There is again a Midden and siguific ant decrease from December to Janu- 
ary showing the withdrawal of the northeast monsoon, and the small and more or 
less equal amounts of precipitation ice ei\ed in the winter months January to March 
are merely of local origin due to the insular nature of the count iy. 

It does not appear mtessai} to gi\e a detailed analysis in the case of all the 
stations in this manner as the t baits in Plait's ll and III are fairly self-explanatory. 
However, a general summary of important regional features brought out by this 
chart and table is given m the' billowing paragraphs 

In almost all the stations selected, the southwest monsoon period, (the period in 
winch practically the whole of the annual precipitation is received in the major por- 
tion of India) is not without discontinuities The 1 exception, as w r e have already 
&een, is Pent Ulan with an unbroken senes from ilav to September Kodaikanal 
shows uniformity of rainfall in the* months June 1 , July and August and again m the 
months September, October and November with a progressive rise in between in 
September r l his station is Mibjec t tot lie influence of both the southwest and the 
northeast monsoon euncntsand die analysis indicates that the precipitation in the 
Palm lulls due to the noitlieasl monsoon umeni when it takes contiol isof greater 
intensity than that leceived undei the influence of the southwest monsoon current in 
the months June 1 August. It is also seen t!iu the northeast monsoon continues in 
uudiminibhcd vigour to the 1 end of November m the region around Kodaikanal. 
It may be observed m passing that thunderstorms art 1 greatest in number at Kodai- 
kanal m the months Mav and (ktobei, i v , during the montlis of unsteady winds, 
vt de reference ( 0 ) , and the precipitation 111 Mav due to thunderstorms is significantly 
greater than that received m June under the influence of the monsoon. Among the 
other stations, some show an even distribution of rainfall m three successive months 
during the monsoon period while most ot them exhibit no significant difference m 
rainfall amount only in two successive months TIicms have been grouped together 
m the following table - 


Months of “oven distil but ion” of rainfall Stations showing this feature. 


(5 months) May — September 
(3 months) Juno — August 

(3 months) July — September 
(2 months) June and July 

(2 months) July and August 

(2 months) August and September 


Curt Blair. 

M erg ui, Mandalay, Gauhati, Calcutta, Srinagar, 
Quetta, Kodaikanal 

llvdei.ibnd (Deccan), Madias, Colombo. 

Lsaiwar, Mangalore, Akyab, Chermpunji. 
Nuwaia Eli} a, Trmcomulcc. 

K.u.iehi, tlacobabud, Peshawar, Leh, Lahore, 
Delhi, Jaipur, Allahabad, Lueknow, Rangoon. 

1 Poona, Nagpur, Bangaloze, Trivandrum, Tnn- 
! fomaltr 


In connection with this table it may be obsci ved that the uniformity of rainfall at 
Quetta m June, July and August appears to be 1 due to the small amount of preci- 
pitation received in these months in Baluchistan 

The information summarised in the above table along with certain other peculiari- 
ties that have been noticed in the charts m Platts II and III have been represented 
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diagramatically m Plate IV. The following three main features are brought out 
in this diagram. 

(?) The majority of the stations in north India show no significant difference in 
rainfall amount between July and August Yet. it is observed (from Plate II) that 
both the upper and the lower limits for the j; of rainfall for Julv uie consistently 
higher than the corresponding limits for August at a number of stations This would 
indicate a significant excess of July rainfall over that in August, pro\ ided the rainfall 
at eachstation was independent of that at anv othci To verily t his point- the monthly 
rainfall data for July and August foi the n2\ ears 1N7.1 for the six representa- 

tive stations Jaipur, Lahore, Delhi, Allahabad, Lucknow and Patna were scrutinised 
to see how often an increase or a decrease from Julv to August occurred simulta- 
neously m all the stations The results are summarised below 


Ml six Delhi, Delhi, Allahabad, 

st ltions Lahore, Allahabad, Lucknow, 

Allahabad, Ian know i Patna 
Lu< know 


Number of occasions when an iik lease «»i a 
decrease tiom .Fuly to Vugust on lined 
simultaneously 


Expected frequencies on the assumption th.it 
the eventH are liidcpondi nt of one 
another 


Probable erroi «»l the e\pei ted In qui in it s I 1 • 2 l : 2 

It is evident from the iclativclv large values of the observed frequencies as com- 
pared with the expected one* lhat the v .mat ions of the rainfall from Julv to August 
at these stations are not md pendent \ne\( cssuradofcc t m ininfall in Julv over that 
in August m a particular vent .it anv one of the stations is hkol\ to be simultaneously 
accompanied bv a snmlai excess or defect at mist of the si alums in the area under 
consideration From this it would follow that the relative positions of the h\ 
intervals for July and August would be simil.n at all the stations It is perhaps 
difficult to give a imithcuim1u.il proof of tin* statement , but a good verification in 
this particular case is ol tamed on an inspei turn oi the .7’,, intervals for u for July 
and August in the foui major politic «il divisions the Puii|ab, the l mted Provinces, 
Bihar and Orissa and Bengal.* 



DlVlHlUll 


r» M o intor\ al fur Is (inclioh) 


Kelat i\o positions of the 5% 
Julv August intiT\alH 


Punjab 4 83 — 6 38 4 84 - 8 .10 August July 

L T nited Provinces In 13 — 12 . r »2 !> S3- -14 (H) .July tont uiied in August 

Bihar and Orissa 12-12 — 13 6(> 12 3.0 — 13 t>3 i August contained in July 

Bengal 1.0 JU — 18 87 14 07 — 18 14 ■ July August 


In all these cases the relative positions of the 5 0 0 intervals for July and August 
are what one would expect from random < ha me Tin 1 analvsis may thus ho taken 

* The 5% intervals foi ^ for these political chwsioiis ha\o been calculated from the data of “Fifty 
Years’ Rainfall 1 ’ for the period 1875 —1924, appearing in the Indian Meteorological Memoirs, Vol XXV, 
Pt. II. 
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to bring out the frequently observed phenomenon that the monsoon rainfall is evenly 
distributed in July and August over almost the whole of upper India. 

(it) The eoastal region to the south of Bombay shows no significant difference 
in rainfall amount between June and July, while there is a sudden decrease in rainfall 
in August and a further decrease in September. On the other hand the north Konkan 
and Gujarat (as represented by Bombay and Ahmadabad) show rainfall discontinuities 
between each of the monsoon months, the rainfall increasing considerably from June 
to July and falling suddenly in August and still further m September. The Arabian 
sea monsoon sets m normally along the Malabar coast early m June while it takes an 
additional week to reach Bombay and it is not before the middle or the third week of 
June that it reaches Ahmadabad. Hence June rainfall is significantly less than that 
of July both at Bombay and at Ahmadabad. 

(m) The coastal region around Vizagapatam, which is influenced both by the 
southwest and the northeast monsoon currents, shows a progressive increase in rain- 
fall from June to October 

Discontinuities also appear during the northeast monsoon period m the rainfall 
of the stations repiesentmg the area subject to its influence [viz., Vizagapatam, 
Hyderabad (Deccan), Madras, Kodaikanal and Bangalore ] In all these cases a 
decided fall in the 5% interval for n is noticed in December while judgmg from the 
histograms for Hyderabad (Deccan), Madras and Kodaikanal in Plate II, it may be 
surmised that the rainfall associated with the northeast monsoon is more or less evenly 
distributed in October and November, like the southwest monsoon rainfall m July 
and August The precipitation due to thunderstorm activity in the summer months 
is obviously unevenly distributed in time over the greater part of the country. On 
the other hand, the winter rainfall m northwest India due to the passage of western 
disturbances apjiears to be fairlv equally distributed m these months The actual 
rainfall amounts associated with such disturbances are small compared with those 
received m a thundeistonn or in the activity of the seasonal low during the monsoon, 
and heme cannot have big variations This may perhaps be the cause of the uni- 
formity noticed above 

In conclusion, I wish to thank Dr S R Savour, at whose suggestion and under 
whose guidance this analysis was made. 
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Tablr I. 

Mon'hly median rainfall (in ms ) and 5 per cent interval. 


Month 


Fort lil&ir i 

Mergui j 

Rangoon 1 

Ak}ab 

Mandalay. 

January 


0 27 I 04 

011 -4) 65 

0 

4) 

0 



0 5b 

0 53 

i 

0 

0 

0 

February 

. 

0 ~0 46 

0 15 1 88 

0 

4) — 0 4)1 

0 



0 15 

1 50 

0 

0 

0 

March .. 

. 

0 03 0 J1 

2 01- -3 23 

0- 4) 08 ! 

0- 4) 15 

0 02-0 11 



0 IS 

2 60 

0 

0 

0 06 

April . . 


0 87 2 27 ‘ 

3 34 “6 89 < 

j 

0 17 -I 62 ' 

0 59 1 59 

4) 45 - 1 15 



1 4J i 

4 13 

0 00 i 

| 

1 05 

0 6S 

May 

. . 

12 47- 16 98 ; 

14 29 17 19 

9 51 13 74) ' 

10 48 13 69 

4 13 0 23 



14 55 i 

i 

15 90 

1 

11 59 

11 57 

5 56 

Juno •• 


16 48 21 36 ' 

28 4)1 32 59 1 

16 28 In 68 

46 18 50 37 

3 27 -6 27 



IS 74 [ 

' 

50 1,S 

is 21 | 

4S 09 

4 94 

July • • 


12 60—16 70 ' 

30 68 -35 12 ! 

21 22 24 89 

49 4>2 -67 24 

1 97 3 84 



14 79 1 

51 6. S ; 

22 52 

52 65 

2 45 

August .. 


12 S7 -16 65 

27 81 31 29 I 

17 ss 21 36 

35 98 16 37 

3 39 t 61 



14 55 

29 16 | 

19 94 

41 5S 

4 02 

September 

m 9 

16 21 —20 14 | 

23 23 -27 S5 

14 16 15 79 1 

20 05 -25 44 

4 57 6 09 



1 * 51 , 

20 50 

14 71 | 

25 61 

5 26 

October 

• 

9 73 -12 S8 

10 14- 13 64 

5 SO -9 16 1 

8 69 13 80 

3 79- 5 23 



10 79 

12 13 

6 91 

10 29 

/ 45 

November 


7 27 -lo 34 

1 96 4 44 

1 13 2 98 . 

1 93 4 49 

I 1)0 2-05 



s4fi 1 

3 11 

1 75 | 

2 77 

i 55 

Ik*ceml>< r 


2 84 7 38 | 

0 41 66 

0 o (14 1 

0 4) 4)2 

0--4I 18 



5 SI 

o n 

0 

0 

0 01 

Month 


('hi'crapunji j 

tiauhati 

| Call utta | 

Fa tn a 

Allahabad. 

January 


"o 21 69 ’ , 

0 18 o 48 

U 412" 0 21 

4H 1 1 *7) uT 

I 

' 0 12"”52 - 



\ 0 51 j 

0 51 

0 07 

0 24 

1 0 29 

February 


1 1 04 1 80 

0 36 4) 93 

0 27 0 74 

0 10 4) 57 

1 0 08 -0 38 



i 743 

0 70 

1 0 4<J 

0 59 

! 0 21 

i 

March • • 


f> 34-8 63 

1 46 2 66 

0 53 I 17 

0 4)7 0 25 

! 4)— 0 15 



0 S6 

j 1 93 

| 0 ' s * 

0 20 

| 0 02 

April . • 


22 61 32 36 

1 6 37 6 34 

| 1 41 2 02 

0 03 4) 15 

| 0- 0 01 



S7 74 

5 95 

1 2 51 

1 

0 06 

; * 

May .. 

, . 

! 36 08 49 74 

' 8 27 -10 23 

1 3 99 -5 06 

0 53 1 39 

0 4)2—4) u 



44 50 

9 10 

| 4 52 { 

0 s/ 

0 Ob 

Juno •• 


! 93 92 114)82 

l 10 96 12 79 

9 33 11 75 * 

5 09 7 20 

1 70— 3 94 



i 104 79 

11 S2 

10 66 

1 5 iJ 

, 3 07 

July 


| 

S7 31 111 66 

9 87 12 68 

11 49 13 OK 

9 35 '2 98 

9 89—13 11 



! 9) 5S 

11 50 

1 12 24 

| 10 75 

> 11 15 

August .. 

. , 

| 62 74 S2 71 

■ 9 33 11 85 

j 11 30 13 43 

, 8 52 1 1 S2 

1 

1 8 61 11 45 



| 71 07 

1 

| 10 11 

! 12 42 

10 OS 

, 9 44 

September 

, . 

1 34 91 45 23 

6 61 8 09 

1 8 20 9 82 

5 21 S 92 

! 4 02 6 85 



39 si 

6 GO 

| 9 05 

1 

| 7 IS 

| 6 11 

October 


7 55 15 76 

1 64)- 3 25 

, 3 49 4 98 

1 01 2 25 

I 

0 09 1 S9 



10 47 

2 51 

4 01 

1 61 

0 H4 

November 

• ■ 

0 14 0 67 

0 07- 0 42 

0- 4) 14 

0 

0 



0 57 

0 27 

0 03 

0 

0 

December 

• ■ 

0 

0--0 05 

0 

0 

0 



0 

I 

0 

0 

i 

0 

0 

1 
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Tabi.b I. — contd. 

Monthly median rainfall (iw ins.) and 5 pci cent internal. 


Month. 

* Liu kmm 

| Delhi 

1 

1 Jaipur. 

! 

j Lahore 

6nn Agar. 

— 

O jo o t>0 
| 0 tl 

l It 35 41 89 1 0 06- 0 24 

0 35 o 92 

2 <2--3 16 

Januaiy 

0 50 

0 15 

0 40 

| 2 55 

February 

1 (i |l>- 4) 45 

0 20 

0 1.1 -0 68 
0 41 

! 0 01-0 14 

j 0 10 

0 3l-o 70 
| 0 40 

. 2 22 -2 86 
2 67 

Maroli . . 

1 0 01 4) 21 

0 11 

0 1“» 4) 47 
0 27 

1 o-o ]5 

0 06 

! 0 31 4i 64.. 

j 0 14 

2 6<> — 4 07 
4>50 

April . . 

0 -0 OK 

0 07 0 29 

\ o (2 o 10 

0 19—0 49 

2 88- 4 01 

; o 02 

0 16 

j 0 06 

• ;z 

4* 45 

May . . 

1 n n - o ei 

0 27 o 57 

! 0 32—0 61 

j 0 25 4) 61 

1 60—2 81 

0 20 

0 46 

j 0 41 

i 

2>4i 


2 51 3 NO 

1 40 2 NO 

' 1 06—2 fin 

0 90 1 40 

i 0 95- 1 61 


i li 

J 10 

f 1 5t 

; 1 12 

! i*ji 

July 

0 25 13 30 

| 11 H S 

6 97 9 00 

7 14 

, 6 15 -N 7o 

1 7 20 

3 71 n 13 
4 fiO 

1 5»- 2 7« 
l IIS 

Auguat 

' 8 JO 12 41 

j 0 17 

4 91 7 56 

6 46 

5 50 -8 66 
! 6 47 

3 74 5 lo 

J 47 

1 57—2 88 
1 94 

f*i pti mber 

| 5 27 8 09 

fi 60 

1 71 4 60 1 63- -2 90 

J 00 2 IS 

o 41 l in 
0 s 7 

0 82- 1 53 
1 21 

October 

0 07 1 o* 

0—0 06 

0-0 17 

o- u 10 

> 0 30—1 02 

| 0 JO 

0 

0 05 

V 

[ 0-70 

No\ cinlier 

0 

0 

0 

0 

0 03-4* 37 

0 

0 

0 

0 

0 14 

Ik'Ceinber 

0 0 09 

0 o 13 

o—o 13 

0 07 o 30 

0 52 -1 35 


0 

0 Ofi 

0 Ofi 

0 22 

/ 00 

Month. . 1 

1 

, J'»> 1 

lVfthawar 

Quetta 

| Joe on ba<l 

! Karachi. 

January 

: 

o jt o :i4 " 

0 68 1 57 

0 85 1 98 

0 (3 0 17" 

. U bfo 0 32~ 

o iu 

1 10 

/ 51 

! 0 Ofi 

] 

5 0 17 

1 

Fi liruary 

0 Hi O 28 , 

0 81 1 48 

1 13 -2 00 

1 0 <i‘2 0 12 

0 -0 11 

" J; j 

0 05 

1 ofi 

I 0 07 

0 02 

March 

0 1J O 10 

1 34- 2 17 

1 14 -1 7« 

| 0 02 0 15 

0—0 02 


i 0 17 | 

/ 61 

1 JO 

0 07 

0 

April 

! 0 07 o 17 

0 H ( ) 1 66 

0 39- 0 96 

0-41 09 

0 

0 li 

1 18 

0 71 

0 01 

0 

May 

0 I' 1 o 20 1 

0 25- -4) 60 

0 05 4» 37 

0 -4) 01 

0 

0 14 j 

0 45 

0 17 

0 

0 

Jana .. 

0 07 u 17 ' 

0 07 -0 20 

0-0 04 

0 

a— o 02 


0 12 

0 12 

0 

0 

0 

July 

0 21 - 4» 18 

0 48—1 29 

0 02—41 32 

0 22- 0*81 

0 33—2 70 

0 15 j 

0 78 

0 14 

0 46 

1 25 

Augunt . 

0 26 0 57 * 

0 90 — 1 83 

0—0 15 

0 14—1 CO 

0 34—1 18 

0 tl 1 

1 20 

0 02 

0 49 

0 69 

September 

i 

0 *2-0 «.7 

0 30—0 79 

0 

0 

0—0-08 


0 04 

0 57 

0 

0 

0 01 

Ootober 

0 0 04 

0— 0 12 

0 

0 

0 


0 01 

0 06 

0 

0 

0 

Nevcmbor 

0- 0 02 

0—0 DC 

0-0 07 

0 

0 


0 01 

0 

0 04 

0 

0 

December 

0 06 0 14 

0 08-4) 48 

0 26—0 91 

0 — 0 02 

0—0*02 


0 11 

0 39 

0 49 

0 

0 
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Table I.— contd. 

Monthly median rainfall (m ms.) an d 5 per c ent internal. 


Month 

Ahmadahatl 

Nagpur 

Poona 

! Hyderabad i 1 2 **. 

January 

■ 

<> 

0 

l) -o 12 
; 0 01 

it 

0 

11 

0 

1 

February 


0 

0 

1 

1 o t 2 - o 23 

| 0 19 

n 

0 

0—0 10 
0 01 

March . . 


0 

0 

! II 00 o >7 

J 0 17 

ii 

0 

; 00 13 

i 0 t/2 

April 

•• 

1) 

0 

j o (i r i o 20 

1 0 11 

n ill 0 \2 
0 /*. 

0 27 -0 H7 
0 17 

May .. 


| 0 o 10 

0 01 

■ ii2i ii r'i 

, o 

021 1 It 

0 l J 

0 *17 0 1)2 

1 0 V) 

Juno . . 

• 

1 

2 37 ! 17 

2 U > 

' 7 r» o 12 

1 .i o; 

3 .11 “1 oh 

4 

1 2 V> 1 ‘»l 

July .. 

• 

! 9 2 t )2 13 12 l. 1 ! * s • 

1 * !•*: 1' >'» 

5 ji <» rtil 
; « 

5 |ll- II 'IS 

• r» ; 1 

1 

August 

0 

5 4) n 10 
, / 12 

H .jT 1' IS 

o 2h 

2 «»2 J 157 
^ 10 

1 4 10 1 , ||S 

1 

Septi mber * 

• 

2 i-o i t»«» 

j . * 

5 0 IO 

/i '/ 

3v4') > .V* 

4 bf) 

5 «»*- 7 vi 

u 1 ; 

Ot tober 

• 

0- 0 12 
0 

1 U .. • * m 

i J 02 

2 «'l 5 21 

2 M 

III * ii‘2 

j 1 1 

Nos ember 

■■ 

0 

0 

, !• .. i.<» 

, • 

0 in 0 t.«i 
0 ‘U 

' 0 ill \ 17 

0 Si 

Dt c«*mln*r 

1 

i o 

0 

1 n i* i i> 

0 

0 

1 n 

0 

Month 


Kotlaik.an.il 

* l’HimbX} 

K uv..\r 

Mn 1 1 

January 

— 

1 

1 ,*S 1 »•» 

! / >3 

1 __ 

II 

1 0 

1 0 

! * 

ii 

0 

Feluuaiy 

•• 

1 0 2 -"» -1 32 

j ° 7 ' 

1 0 

1 0 

S 0 

0 

1 O 

. 0 

March 


U 7< 1 7S 

2 21 

1 

i 0 

0 

0 

0 

April . . 


3 17 4 m> 
J 09 

0 

0 

0 nJ 0 !''♦ 

" 0 i 

ft >1 1 10 

. 0 St 

May .. 


5 3t 7 IS 
6 40 

1 

ft o o4 
, 0 01 

0 1.2 2 72 
/ 21 

3 11 5 IS 

J 07 

Juno 


2 7j 4- ft 2S 
J 63 

16 21 72 

1 IS 92 

32 *1*) to yi 
j ,15 W 

33*97 -Vi 2H 

1 J 7 ‘24 

July •• 


3 21 -ft r> 
2 S2 

1 21 82 21 «1 
a 6 1 

33 *»1 42 >0 
| JS 01 

33 72 40 48 

■ u? 81 

August 


4*“ r » i> 7S 

J tf; 

10 70 l« r » 03 
! 12 57 1 

1 1 

17 IS 22 II 
18 25 

18 72 ?*1 3ft 
Si 77 

September 


4 ')! h 47 

6 tO 

1 

‘ 7 72 - 10 10 

1 8 S9 

8 31 12 S5 

10 25 

8 80 11 40 
10 34 

Ootobor 


7 11 12 19 

10 ?; 

1 0-47 -1 17 

; 0 74 

3 48 6 20 ! 
J 27 

0 54 -0 30 

7 10 

November 


7 14 - lo 02 

1 

< 0 - 0 12 

0 02 

0 so - -1 se 

1 ( 

1*49 -2 63 
i 2 96 

; 

December 


3 29 6 01 

4 80 

0 

0 

0 

0 

0-4) 21 

l •“ 
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It a ng a lore 


0 — 0 03 
0 

0 

0 

o .'2 --ft 30 

0 0‘J 

0 70 1 29 
0 U5 

3 7- 4 31 

1 1: 

2 30—3 of 

a 71 

3 10 1 10 

J Vj 

4 »i 0 13 


;> l.i o 03 
J Sj 

1 Si (> 2.1 

; ;j 

1 10- 1 .IS 

1 ul 

Oil O 28 
0 ‘20 

1 n\ Rniltiiiii. 
0 22 O 1)2 

0 n 

0 i.9 -0 79 
0 25 

0 4« 1 20 

V ',0 

2 00 1 10 

J 77 

4 41 7 78 

5 71 

10 00- 14 fiO 
13 21 

0*4tt 8 80 
7 7J 

2 87 - 5 52 
J 97 

2 74-5 58 
3 98 

8 44- 12 73 
9 88 

4 65 - -7 01 

6 91 

1 09 -3-50 

2 07 
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Table l.—concld. 


Monthly median rainfall (in ins.) and 5 per cent intend. 


Month. 

Madrw. 

Vizegapetem. 

Colombo. 

Xrinoomelee. 

Nuwara Ellyn. 

Hduij 

0*13 — 0 52 
0 33 

0-0-06 

0 

2 32-4-10 
S 94 

3U2 — 7-14 
4-99 

* » 

3 57-5 75 < 

4 09 

February .. 

0 

0 

- 0-0-08 

0 

1-03—2 65 

1 87 

094- -2 12 

2 65 

J 1 08—2 43 

1ST 

IfMOh 

0 

0 

0-0-00 

0 

2-99 — 5 07 
405 

0 69—1 65 

1 14 

2 85-3 77 

3 09 

April .. 

0-4) 07 

0 02 

0-10-0 29 

0 13 

6 74-10-00 
8 77 

0-90—2 30 
i 29 

4 17 -6 15 

5 31 

May 

0*08 — 0 30 

0 26 

0-95—2-00 

1 45 

8 <31— 12 77 
10 *6 

1-46—2 53 

1 87 

4 30-7 18 

4 40 

Juno •• •• 

1 25-1 89 

1 63 

3 00—3 68 

J 16 

6 22—9-43 

7 89 

0 34—1 05 

0 72 

10 63-12 90 

11 80 

July •• .. 

2-89—3 79 

J 27 

3 51 -4 81 

4 09 

2 51—4 58 

2 95 

1-05—2-20 

1 75 

9 46—12 08 

10 76 

August .. 

3 31 — 4 67 

4 10 

3-71 — 5 80 
4-77 

1-39-2 95 

1 86 

2 61-4 45 

3 31 

6 48—7 94 

7 34 

September • . 

2 27 — 4 86 
| 3 96 

5-42—7-39 

6 09 

2*58—4 57 

3 87 

2-87—4 97 

3 75 

7-04—9 57 

8 Jd 

October .. 

8 57—11 08 
9 64 

6 01- 10- 14 

8 39 

10-93—14 36 
13 27 

6 69—8 62 
7-89 

8 68—11 51 

10 27 

November «. 

10-56—14 66 
11 99 

2-31—3-82 

3 23 

9 62—13 26 
11 58 

11 66—14 98 
13 04 

7-98—9 65 

9 93 

December . . 

3 19 — 5 36 

4 02 

0—0 10 

0 03 

3-64—5-73 

4 44 

9 70—14 28 
11 05 

1 

4 71-8 44 

6 87 

1 
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VERTICAL CURRENTS IN THE FIRST FEW KILOMETRES OVER POONA AND 
THEIR POSSIBLE EFFECT ON THE MEASURES OF UPPER 
WINDS MADE BT PILOT BALLOONS ASSUMED TO 
RISE AT A KNOWN CONSTANT RATE. 

BY 

K. P. Ramakrishnan. 

(Received on 2nd February 1938 ) 

Summary — Tin* height-turn ( m vt b oi both morning and afternoon pilot balloon aments at Foona 
on a large number of dav* in Mav and Nmember 1937 determined b\ the tail method are compared 

L* 

with those dedm ed fiom the formula .4 * H4 'i . For a few of these asienta. the wmda 

(M- W)* 

worked out from the two sets of height values are compared The method of (ah ulation of whk'k 
is examined and it is show'll that no rumple eoirei turn ( an be applied to the wind values so as to allow 
for the effect of \ertieal (unentn 

A statistical < ompanson has Ink n made of one \ ear’s data of the rates of as< ent in tbi first 4 km 
obtained bv the tail method and by the above formula It w found that the two rates ngrn well in 
the mornings, while, in the afternoons, wide variations occur, whit h on the aggregate amount to .in ex< c*s 
of rate of am ent of about 12° ( „ the ini n as«* b< mg more proimum ed in the months Februnrv to .June 

Brief resumes of previous unpubliaht d work on tin subjei t arc* given In an appendix, it is shown 
thAt errors due to slant of tail « annul a< > mint for as nun h deviations as actuallv occur 

Introduction. 

In the routine measurement of upper winds by means of pilot balloons, most 
meteorological services assume that the balloons rise at a constant rate, although 
the rates of ascent are computed from slightly different formulae, due to Dines, 
Hesselberg, Birkeland and others 1 In a tropical country like India, vertical cur- 
rents may considerably affect the results obtained, if the heights are calculated on the 
basis of a constant rate of ascent, particularly m the afternoons (Some instances of 
such currents have been described by Field, Ramanathan and the author) 2 t0 4) . 
In the India Meteorological Department, the tail method has therefore been 
used since regular upper wind measurements were started m 1914. In recent 
years, the demand has been growing from aviation interests for upper winds at com- 
paratively short notice and the question as to the amount of error that may be ex- 
pected if a constant rate of ascent is assumed has been under consideration The 
solution of the question has become urgent as a self-recording theodolite working 
M25DGofOb 2S8 
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on the basis of uniform rate of ascent of the balloon is now available in the market 
and has begun to be used at a few of the observatories in India for ascents made 
at night. 

Previous work. 

A limited examination of the question with respect to some data collected at 
Madras during the period December 1934 to February 1935 was made by Dr. K. Das. 
The winds at Madras were measured by ascents of both tailed and tailless* balloons, 
these being made within a few minutes of each other. 

The ascents were made in the mornings on 35 days and in the afternoons on 
30 days. In an unpublished report of the results, Das found that the mean differ- 
ences of wind direction and speed between the two methods were about 10° and 2m/s 
respectively. He also found that the differences in the afternoon were only slightly 
greater than those in the morning. This is probably due to the fact that the ascents 
were made in the cold season. 

As has been mentioned, clear evidence of the existence of vertical currents and 
consequent abnormal rates of ascent of pilot balloons has been available for several 
years. In Poona, for some years past, systematic attempts have been made to make 
use of the routine (tailed) ascents to collect information about these currents. As 
the accuracy of such information depends on the accuracy of determining heights 
reached by tailed pilot balloons and as one of the chief sources of error in height- 
calculation by the tail method is due to slant of tail, it was sought to reduce errors 
due to this by weighting the tail, which could be done only for some time. 

V. V. Kanade who worked under Dr. K. R. Ramanathan made a partial analysis 
of pilot balloon ascents at Poona of 1933 and 1934 from this point of view ; he could 
not, however, complete the work. A small selection of height-time curves made 
by Kanade where the points showed a close fit and where the angles of elevation 
were mostly below 60° is given in Fig . 1 a\. Some values of the angle of elevation are 
written along the height-time curves. All the instances selected were ascents in 
the afternoon, and the weight and free lift were such that the expected rate of ascent 
was 9*2 km/hr. The diagram clearly shows that considerable departures from the 
expected rates of ascent do occur in the afternoons in all the months from March 
to November. 


During the periods February to June 1935 and November 1935 to January 1936, 
the usual pilot balloons at Poona had weights of 30 gms each attached to the tail. 
The vertical angles and the angles subtended by the tail were read at intervals of 
half a minute for the first 15 minutes. The plotted points of height and time of 
these weighted ascents fit into a smooth curve ; a few examples are reproduced in 
Fig. 1 b. 


Data now available. 


From 1st February 1936, at Poona, as well as at all other pilot balloon stations 
in India, different kinds of balloons are being given such free lifts that the expected 

* The rates of ascent of the tailless ascents were calculated from the formula 


i 

A 


84 


(L+W)* 


where A is the rate of aseent in metres per minute, 

L the net free lift of the balloon, and 
W the weight of the balloon. 

fThe data ooUeoted by Mr. V. V. Kanade were kindly placed at my disposal by Dr. K. R. 

Ramanathan. 
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rates of ascent have always the same values for each kind of balloon. Moreover, from 
1st April 1937, afternoon ascents have become a regular feature at Poona. The 
routine pilot balloon ascents of these recent times are thus more suited for the col- 
lection of information about vertical currents. The balloons, however, are not 
weighted and hence errors due to tail slant are not entirely absent. The expected 
rates were calculated from the formula — 


A = 84 


V 


CL+W)>' 

where A is the rate of ascent in metres per minute, 


L the net free lift, i.e., the free lift measured before string and flags 
were attached minus the combined weight of the string and 
flags, and 


W the combined weight of the balloon, string and flags. 

The balloons had weights varying from 20 to 60 gms. The formula used, it will be 
seen, is that of Dines, 1 2 3 ) extended to tailed balloons on the assumption that the ad- 
dition of the string and flags is equivalent to the addition of a similar weight to the 
material of the balloon. It does not allow for any change of the constant 84 due to 
the addition of the strmg and flags. Experimental verification of these assumptions 
is very desirable. 


Some individual height-time curves compared with expected ones. 

The paper by Ramanathan and the author 4) already referred to gives some 
instances of vertical currents ; but these were shown by balloons that were specially 
let off with almost no free lift. The doubt will arise whether the currents are strong 
enough to manifest themselves in the usual pilot balloon ascents. Further, the 
ascents being on selected days, do not show how frequently such currents occur. 

The actual and expected height-time curves of both morning and afternoon 
ascents at Poona on a number of successive days in May and November, 1937 
are given in Fig. 2. In this figure, no selection of days on which the currents 
were pronounced has been made. A few days happen to be omitted in May, be- 
cause on these days balloons made of guttapercha were used for which the empirical 
formula mentioned before is not applicable. The height corresponding to each in- 
stant of observation is shown by a blackened or hollow circle (these two symbols be- 
ing used to prevent confusion between points referring to adjacent days) ; the smooth- 
ed actual height-time curves through these points are shown by thick curves ; 
and the expected height-time curves by thin straight lines. Fig . 2 unmistakably 
shows that on most afternoons, and a few mormngs, considerable departures from 
the expected rates of ascent occur, particularly m the first 3 km. These departures 
are apparently not confined to the hot weather months like May, but occur even in 
the cooler months like November. 

Although the individual points in Figs. 1 (a) and 2 are not free from errors 
due to tail slant, the more important features of the smoothed height-time curves 
in them must be practically free from these for the following reasons : — 

1 . The individual poults fit the curves with remarkable closeness, which is very unlikely with 
errors; 

2. The smoothed ourves for the mornings agree very closely with the expected curves ; and it is 
only in the afternoons, that they show large deviations from the expected ones ; 

3. As can be seen from the Appendix, errors due to tail Blant cannot account for such large devia- 
tions as often occur. 
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. Statistical comparison of the actual and expected rates of all ascents of one year. 

The comparative data of actual and expected rates of ascent of one year (from 
1st February 1936 to 31st January 1937) have also been examined statistically. 
As it is desirable to base a complete statistical analysis on data for at least a few 
years, only the main results of this preliminary examination are given here. 

Table 1 gives the frequencies (number and percentage) of occurrence of differ- 
ent values of actual/ expected rate of ascent for the layer 0-4 km (above ground) at 
Poona during the period February 1936 to January 1937. 

Table 1. 


Range of actual/expected rate of ascent 

Morning. 

Afternoon. 

Number. | 

Percentage. 

Number. | 

Percentage. 

0 *71 — 0 *00 .. 

12 

5 

3 

3 

0-91— 1-10 .. 

235 

93 

46 

51 

1*11— 1-30 .. 

6 

2 

30 

33 

>1-30 



11 

12 


The difference between the figures for the morning and afternoon is striking. 

The highest value of actual/expected rate recorded on any day over a whole 
kilometre was 2*3 and the lowest 0-4 ; the corresponding values for the entire 4 km- 
layer were 1*7 and 0*7 respectively. 

The mean values of actual/expected rate for the whole year were 0 • 99 for the morn- 
ing and 1 • 09 for the afternoon ; the difference between morning and afternoon was 
more pronounced in the months February to June, for which period, the values were 
1-00 and 1-14. It thus appears that, on the aggregate, in the first 4 km at Poona 
the rate of ascent in the afternoon is about 10 to 12% higher than that in the morn- 
ing. 


Examination of the rates prevailing in different height-steps shows that in the 
morning, the rate of ascent is slightly higher in the layer 2 — 4 km than in the lower 
2 km, whereas in the afternoon, the rate is highest in the first kilometre, diminishes 
to a miinimum in the layer 2 — 3 km and increases again. 

The effect of departures of the rates of ascent from the expected values on the wind 
directions and speeds at particular levels. 

Since the directions and speeds of wind at various levels are derived from the 
heights reached and the angles of elevation, their values also will show appreciable 
differences depending on whether a uniform rate of ascent based on a semi-empirical 
formula is used or the heights are actually worked out by the tail or two-theodolite 
method. It is also clear that these differences will increase with the difference be- 
tween the actual and expected rates of ascent. In order to give an idea of the magni- 
tude of these differences in a few actual instances, the trajectories worked out from 
etch of the sets of height values for six of the ascents shown in Fig. 2 are given in 
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Fig. 3. The directions and speeds at standard levels deduced from the two sets 
of trajectories are given in Table 2. 

Table 2. 


Comparison of the directions and velocities deduced from determinations of height by 
the tail method (ordinary type) with those deduced by the assumption of a uniform 
rate of ascent depending on the weight and free lift (in italics) on selected days. 


Date. 

1 *0 km 
A.S.L 

1 *5 km 

2 *0 km 

3 *0 km 

4 *0 km 

6*0 km 

D V 

O (km/ 

hr) 

D V 
(°) (km / 
hr) 

D V 
(°) (km / 

hr) 

D V 
(°) (km / 
hr) 

D V 
(°) (km / 
hr) 

D V 
(°) (km / 
hr) 

J 0-5-37 . . 

160 

5 

150 

5 

140 

6 

130 

7 

170 

11 

1 250 

17 

(afternoon) 

170 

7 

150 

5 

150 

8 

120 

8 

150 

9 

160 

10 

13-5-37 . . 

350 

11 

10 

6 

350 

16 

360 

11 

10 

9 



(afternoon) 

340 

12 

350 

25 

10 

13 

10 

26 

10 

35 

220 

46 

14-5-37 

310 

10 

310 

28 

320 

19 

50 

16 

60 

26 

18 

32 

(afternoon) 

310 

15 

330 

0 

60 

10 

70 

18 

180 

16 


•• 

7-11-37 . . 

100 

16 

60 

16 

70 

23 

90 

28 

110 

26 

140 

26 

(afternoon) 

60 

10 

70 

17 

90 

21 

110 

29 

110 

26 

160 

28 

15-11-37 

130 

16 

90 

17 

90 

27 

30 

11 

320 

12 

230 

11 

(morning) 

140 

22 

130 

31 

90 

23 

10 

8 

320 

14 

210 

15 

20-11-37 

110 

9 

240 

5 

190 

8 





270 

31 

(afternoon) 

120 

i 

4 

180 

6 





270 

23 




The figures in Table 2 show that very divergent results may sometimes be given 
by the assumption of a uniform rate of ascent of the balloon. 

At first, it may appear possible to correct the wind directions and speeds for 
the difference in the rate of ascent in some simple manner. Closer consideration 
will, however, show that this is not so. 

Example 1 . — The actual rate of ascent bears a constant ratio to the expected or 
normal rate of ascent. — Let r be the anticipated rate of ascent and xr the actual rate, 
both assumed unif orm. Consider the position of the balloon at two instants n x and 
n, minutes after start. Let the angles of elevation at the two instants be E v E t 
respectively. 

Let A, B (Fig. 4) represent points vertically below the balloon at and 
minutes, A', B' those below the positions it would have occupied at the same 
instants if the rate of ascent had been normal, and 0 the point of observation. Since 
the angles of azimuth at the two instants are measured quite independently of the 
heights reached, 0, A and A' are collinear ; so are 0, B and B'. 

Now, 


OA 

OA' 


n^xr 
tan E x 

tan E x 
OA 
OA' 


OB = 


OB' = 


n^xr 
tan E t 

"a** 
tan E t 




OB 

OB' 


Hence the triangles OAB and OA'B' are similar. It foll ows that A'B' is parallel 
and proportional to AB. Since the vectors AB and A'B' represent the winds, it 














follows that the wind between any two instants obtained by assuming a uniform rate 
of ascent will have the same direction as, and will bear a constant ratio to, that ob- 
tained between the same two instants from the actual height-time curve. Owing 
to the variation of wind with height, however, the winds at the same level obtained 
from the two methods which will correspond to different instants in the two cases 
will not be related in such a simple manner ; and will show large differences near 
levels where the rate of variation of wind with height is large. 

Example 2. — The actual rate differs considerably from the anticipated one for 
a certain period , but becomes equal to it later . — Consider the positions of the balloon 
at the end of n x and n 2 minutes in the part where the two rates of ascent are equal. 
Let the actual heights be h x and h 2 and the anticipated heights H x and H 2 (Fig. 5). 
It follows that (H 2 — hf) = (H 1 — h x ). 

Let 0 (Fig. 6) represent the starting point and A, B points vertically below the 
balloon at the end of n x and n 2 minutes respectively. 

The wind from n x and nj obtained from the actual height-time curve will be 
represented by the vector AB. 

Let A', B' be the points vertically below the positions the balloon would have 
been expected to take at the end of n x and n 2 min. These will lie along the straight 
lines OA , OB respectively because the bearings of the balloon at the two instants 
with respect to 0 are known. The wind represented by the vector A'B' will be re- 
lated numerically (in a simple way) to that represented by the vector AB only if 
OAB, OA'B ' are similar triangles, i.e. if OA : OA ' = OB : OB'. 

Let the angles of elevation of the balloon at n x and n 2 minutes be E x and E 2 
respectively — 


0A 


HA' 


° A ~ tan E, 

i 

UA 

tan E x 





0B - tan E 2 

y 

UJtS 

tan E t 

OA 

K 

, and 

OB h. 

•*' ~OA' ~ 

X 

OB' ~ H, 


B % -h % 


Suppose OA/OA' = OB/OB'. 

h h 

It follows that — fA— 
ti t 

Hi-h H 2 -h 2 

“ h 2 

But H 1 — h 1 = H 2 - h 2 and H^H 2 
Hence, OA/OA'^zOB/OB ' 

The triangles OAB and OA'B' are not similar and therefore the vectors AB and 
A'B' cannot be related in a simple numerical manner. 

The argument holds good whether a balloon rises at an increased or decreased 
rate in the first part of its ascent. 


of its ascent. 


Conclusion. 


The examination of the height-time curves of pilot balloon ascents at Poona 
for over a year and the examination of the principles involved in the calculation of 
winds carried out in this paper lead to two conclusions : — 

1. At Poona, vertical currents, sometimes ascending and sometimes descending, 
are often present in the afternoon ; occasionally, they occur in the morning. The 
rate is generally of the order of 3 to 5 km/hr, though, on rare occasions, it goes to 
about 10 km/hr. 
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2. Wind values at standard levels calculated on the assumption of a uniform 
known rate of ascent of the balloon may be affected considerably by departures of 
the rate of ascent from the expected value due to the presence of vertical currents ; 
and no simple correction can be applied to these. 
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APPENDIX. 

The order of magnitude of errors due to tail slant. 

If a balloon rises at a rate V and there is a difference in the horizontal wind ve- 
locity between the level of the balloon and that of the tail v, the tail will depart from 
the vertical by an angle 0, where 

- v 
tan 0 = — • 

If the direction of the wind is the same at all heights, increase of speed with 
height will, by blowing the balloon farther away from the observer than the tail, 
cause a slant of tail towards the observer in the plane of sight ; decrease of speed with 
height will cause a slant of tail away from the observer. 

If the wind changes its direction by 180° above a certain level, say, for example, 
a westerly wind changing to an easterly at higher levels, in the easterly current, 
the above relations will hold good only after the balloon has gone to the west of the 
observer. Till then, the opposite will hold good. In other words, an increase of 
easterly wind will have to be looked upon as a decrease of westerly wind so long as 
the balloon is to the east of theiobserver. 

In practice, however, both direction and speed change with height. 

Let B (Fig. 7) be the foot of the perpendicular from the balloon on the horizontal 
plane, and 0 the point of observation. 

Let the vector FB (v) represent the difference (wmd at the level of the balloon 

minus wind at the level of the flag). The tail will then make an angle 0 = tan -1 y 

with the vertical and lie in the vertical plane passing through FB. We shall call 
the angle OBF y. 

The slant of tail can be resolved into two components, one in the plane of sight 
by an angle 8=6 cos y and the other at right angles to the plane of sight by 
an angle £ = 6 sin 7 The observer will be aware of the component of the 
slant at right angles to the plane of sight ; and its effect is to reduce the effective 
length of tail (l) to the value l cos 6. (The error on this score would have been elimi- 
nated if the total visual length of tail were estimated ; but as it is, the apparent 
length of tail is measured against a scale with horizontal graduations.) The observer 
will not be aware of the component of the tail slant in the plane of sight. 

Fig. 8 represents the plane of sight. B represents the balloon, 0 the observa- 
tion point, F the position of the flag, when there is no component of tail slant in the 
plane of sight, F' the position of the flag when there is a component of tail slant 8 
in the plane of sight towards the observer and F" the position of the flag when there 
is an equal slant away from the observer. 

Let E be the angle of elevation. 

BF' = BF —BF” =1 cos 

F'BF = FBF” = 8 

F'X ' = l cos £ . cos (E+8) 

F*X” = l cos £. cos (E — 8) 

FX * l cos £ . cos E. 
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Let « be the angular measure of the tail if there had been no tail slant in either 
plane ; and, ©', a >" the angular measures corresponding to he position F' and F* 


— = COS £ 
ft) 


cos (E+8) 
cos E 



cos ( E — 8) 
cos E 


Let h be tl e true height of the balloon. 

I 

h = ~ sin E cos E. 
w 


Let K and V be the heights determined by the tail method in the cases represented 
by BF' and BF" respectively. 


K 


h" 


— ; sin E cos E ; -. 

w h 

/• K 

= sin E cos E ; r 
tr h 


cos E 

cos £ cos (E-{-8) 
cos E 

cos £ cos (E — 8) 


The expressions for h' and h" are really the jjame, and the one for K itself can 
be used in all cases, provided the sign of 8 is taken into consideration. 8 will be 
positive whenever the angle FBO (Fig. 7) is acute and negative when the angle FBO 
is obtuse. However, when written in the two forms as above, it becomes more ob- 
vious that a component of tail slant in the plane of sight towards the observer will 
cause an overestimate and one away from the observer an underestimate of the height ; 
the sideways component always causing an overestimate. The compounded effect 
of slants in various directions will therefore probably be a slight overestimate of the 
height. 

In Fig. 9 arc given (1) height-time curves according to the formula (straight 
lines) (2) the height-values that would have been obtained by the tail method if the 
balloon rose at the rate given by the formula and no vertical currents existed but 
the tail had slants due to variation of wind with height as described above (black- 
ened circles) and (3) the height values that were actually obtained by the tail method 
(hollow circles) for two of the ascents included in Fig. 2, viz., the afternoon ascents 
on 14-5-37 and 10-11-37. A smoothed curve has been drawn through the points 
mentioned in (3) only. The straight lines themselves seem to fit the points 
mentioned in (2) sufficiently well. It is clear that such deviations as occur cannot 
be due to slant of tail due to variation of wind height. 
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FIG. 2 (A) HEIGHT-TIME CURVES OF PILOT BALLOONS LET OFF FROM POONA 
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Pig. 3 Trajectories of selected pilot balloon ascents worked out both from heights 

determined by the tail method ( )and from those calculated from the 

formula ( ). 
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Summary . — Observations of atmospheric electric conductivity carried out at Colaba with a 
Gerdien apparatus during the period July 1935 to August 1936 have teen analysed for diurnal and 
seasonal changes and correlated with the associated values of potential gradient Vahes of air- 
earth current, computed from these quantities, are also discussed The results show that during 
non-monsoon months (Octofcer to part of May) conductivity is appioximately imerse to potential 
gradient. The double oscillation of potential gradient during these months is related to the variation 
in smoke and nuclei concentration, caused predominantly by wind. This inverse relation almost ceases 
in monsoon (June to September) when the air supply is directly from the sea and the effect of local 
pollution is almost absent The diurnal curv e of potential gradient in this period is essentially similar 
to that over the ocean. In all the seasons, one of the maxima of both potential gradient and air-earth 
current (18 h. to 19 h G.M.T ) coincides approximately with the maximum of these elements over the 
oceans ; the mean values of the elements at Bombay are nearly equal to the mean ocean values. 


Introduction. 


The systematic recording of atmospheric electric potential gradient with a 
Cambridge Instrument Company’s photographic recorder 8 was begun at Colaba in 
1930. It is housed in a small room in the northeast of the observatory compound 
close to the sea-wall. For collecting the potential a radium spiral collector is used. 
It projects outside the room through a hole in the western wall at a height of 171 
cm. above ground. Normally the distance between the middle of the radium spiral 
and the wall is 40 cm. but this is altered suitably if the potential gradient shows 
signs of any large abnormalities. The calibration of the electrograms used to be 
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done in the following manner before May 1936. An auxiliary ionium collector was 
installed so as to project outside the electrograph hut on the eastern side facing the 
sea through a hole in the middle of a plane sheet of zinc, 1*2 X 2* .5 metres, which 
formed a continuation of the sea-wall. The same Dolezalek electrometer was used 
for measuring the potential and the two collectors were used alternately, one after 
the other. The potential gradient obtained with the collector towards the sea side 
was taken as the standard. The mean reduction factor obtained was 1*50. Since 
May 1936, the reduction factor was determined by taking observations with an 
ionium collector connected to a stretched horizontal wire at a height of 1 metre above 
ground 6 on the neighbouring sea coast, the place of observation being distant about 
60 metres from the nearest sea-wall. A Wulf bi filar electrometer was used and the 
mean reduction factor obtained was 1*92. In this paper, the latter value of the 
reduction factor has been used to reduce the readings obtained from the electrograms. 

A general examination of the daily records of potential gradients obtained in 
the previous years showed two significantly different types of diurnal variation — one 
characteristic of the southwest monsoon season, and the other of the dry months. 
To investigate the cause of this difference, observations of electric conductivity were 
started in 1935. A Gerdien conductivity apparatus made by Messrs. Spindler 
& Hoyer and fitted with a Wulf bifilar electrometer was used. Observations of 
conductivity were taken at the full hours of Local Mean Time, which is 4 h. 51 m. 
ahead of Greenwich Mean Time. Observations at 10 hrs. were taken almost daily 
as a routine. For the study of diurnal variation, almost continuous hourly obser- 
vations on 5 or 6 electrically ‘ quiet ’ days were taken every month during the period 
July 1935 to August 1936. During the monsoon, however, owing to interruption 
by frequent showers of rain, strictly continuous hourly observations were not possible 
except on a few occasions. During this period recourse was had to quasi-continuous 
measurements, the observational hours being so distributed as to secure data in all 
the 24 hours. The present paper discusses the results of these hourly observations 
(each of which consisted of two individual observations of positive and negative 
conductivity respectively) together with the associated values of potential gradient 
and air-earth current. About 1,600 hourly observations are available for the 
analysis of the diurnal variation of conductivity. 

The observations of conductivity were made on the third floor of the balloon 
tower at a height of 14 metres above the adjoining ground and 23 metres above mean 
sea-level. The observation room is of dimensions 3*3 m. X 3*1 m.and is provided 
with doors on all sides. Being above the level of the immediately surrounding 
objects such as trees and other buildings, the room has a very good exposure. The 
tower is at a distance of about 150 metres from the potential gradient electrograph 
hut, and it is possible that there is a slight difference between the values of conduc- 
tivity measured in the two places. Comparative measurements made one after the 
other at the top and bottom of the tower on electrically * quiet ’ days in July and 
August showed that there was no appreciable difference between the values of con- 
ductivity as measured on the third floor of the tower and near the ground. 
(During inversion nights there may be some difference, but this requires investiga- 
tion). 

In order to facilitate the measurements of diurnal variation, the hand drive of 
the conductivity apparatus was replaced by an electric drive. The fan was directly 
coupled to a small motor of 1/8 H. P. and 220 volts A. C. The motor was placed on 
the side away from the mouth of the air-funnel and the room was well ventilated so 
that fresh air was always sucked into the conductivity apparatus. The insulation 
of the instrument dur-ng the monsoon at Bombay presents some difficulty, but it 
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was satisfactory overcome by keeping the instrument heated electrically at all 
times when it was not actually being used for an observation and cleaning the ex- 
posed surface of the amber insulator with a piece of silk when necessary. Insulation 
tests were made almost every time before and after an observation. The leakage 
of the electrometer was very small being generally between 0-05 to 0-2 divisions 
of scale in 3 minutes when the fan was not working, as against 5 to 9 divisions 
in the same interval when air w,as being sucked in. No correction for leakage has 
therefore been applied in the values given. Negative and positive conductivity 
were observed alternately. Two observations of each were generally taken during 
an hour. 8 

A potential of about ±80 to ±100 volts was applied to the inner electrode of the 
conductivity apparatus and the period of aspiration was 3 minutes. The velocity 
of aspiration did not differ appreciably from that with the hand drive with 120 to 140 
turns of the handle per minute. The observations were reduced by using the usual 
formula of Gerdien with Swann’s correction 9 of 22 per cent for the influence of the 
supporting rod connecting the inner electrode to the electrometer and the distor- 
tion of the field inside the tube at the ends of the inner electrode 

Results. 

The data discussed in the present paper were selected from the hourly observa- 
tions of conductivity taken during ‘ quiet ’ days on which there were no abnormal 
weather phenomena such as thunderstorms, heavy showers and the like. The 
number of observations of conductivity in each hour of the day used for calculating 
the hourly means is given in Table 1. In Tables 2, 3 ( a and b) and 4 are given the 
monthly and seasonal mean values of potential gradient ( F ), total conductivity (A), 
positive conductivity (X±), and positive air-earth current (i+), respectively 
for each hour of the day. Table 5 gives a summary of the mean values of the above 
quantities obtained from the much larger number of observation* (given in brackets) 
taken at 10 hrs. local time. The maxima and minima have been indicated in bold 
type 

In the same Tables 2, 3(a) and 5 are also shown in italics the square 

root of the variance s= ^ JL|=p? 0 f the quantities F and X. Here S (x-x)* 

is the sum of the squares of the deviations from the mean and N — 1 is the number of 
observations minus one or the number of degrees of freedom. Those mean values 
which are less than 2s are marked with an asterisk. It will be seen that the 
fluctuations of F and \ are generally least m the afternoon day hours and greatest 
near about midnight and within two or three hours after sunrise. 

The mean potential gradient during the interval of conductivity observation 
was read from the traces of the self-recording instrument and corrected by multi- 
plication by the “ exposure-factor ”, 

No table has been given for the ratio of the positive to negative conductivity, 
but it may be mentioned that the mean monthly values of X + /\_ ranged from 0*94 

to 1 *01, the value during the monsoon months being on the average 1 *00 and during 
the other months 0*97. 


Discussion. 

As a preliminary to the discussion of the above results, we shall give a brief 
summary of the normal meteorological features of Bombay which have a hearing 
on atmospheric electric phenomena. 
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The most well-marked seasons in Bombay are the winter — November to February, 
the hot season — March to May, and the monsoon season — June to September. 
October is a post-monsoon transition month, which for purposes of averaging has 
been combined with the hot season or pre-monsoon months March to May. The 
winter days are sunny with generally blue skies and occasional high clouds. Land- 
breeze in the early hours of the day and sea-breeze in the afternoons are almost 
daily features. Ground fog is a rare phenomenon near the observatory. A pall 
of thin haze or mist (occasionally thickening to fog) forms almost every morning over 
the neighbouring coast. The maximum atmospheric obscurity near the ground 
level occurs at 8 — 9 hrs., after which the haze gets lifted by vertical convection. 
With the onset of the sea-breeze which occurs soon after noon, it rapidly disperses. 
The afternoon is generally the time of maximum transparency of the atmosphere. 
On some occasions, when the wind comes from north or north-north-west and its 
velocity exceeds 8 m/sec, the air becomes visibly charged with dust probably carried 
from the mill areas in north Bombay. On such occasions, this is observed to cause 
reversal of the potential gradient. 

The months March to May have somewhat similar characteristics as the winter 
months, the most outstanding difference being that, as the season advances, the sea- 
breeze becomes stronger and persists for a longer time, while the duration of the 
land-breeze gets shorter. In April, May and October, afternoon thunderstorms are 
not unusual. In contrast to the above, the monsoon days are characterised by 
generally cloudy skies and showers of rain with a fairly steady wind-direction, the 
air supply over Colaba being directly from over the sea. 

Variation of potential gradient, conductivity and air-earth current. 

(1) Annual variation. 

In Figs. 1 and 2 are shown the curves of annual variation of the three quantities, — 
potential gradient, conductivity and air-earth current on electrically ‘ quiet ’ days. 
The mean value of potential gradient is 150 volts/metre, of conductivity 2*5 X 
10”” 4 E. S. U. and of air-earth current 5*9 X 10~ 7 E. S. U. or 2-0 X 10"" 16 amp. 
cm. ”" 2 sec. - 1 . The climatic phenomena of Bombay are sufficiently regular for 
the means based on even so few observations as those considered in the present 
paper to give a rel able idea of the general variations during the year. The air- 
earth currents have been calculated by multiplying the potential gradient at each 
hour by the corresponding positive conductivity 9 . Two sets of curves have been 
drawn, one based on all observations taken on days of whole day observations 
(Fig. 1) and the other based on the much larger number of 10 hrs. observations 
alone (Fig. 2). Both sets of curves show that — 

(i) the mean potential gradient is a maximum in mid-winter, December — 

January, and minimum in May. The 10 hrs. observations show a 
secondary minimum in August — September. 

(ii) the variation of conductivity is roughly but not exactly inverse to that 

of potential gradient 4 . It increases rapidly from February to April 
and decreases as rapidly from September to November. 

(Hi) the air-earth current is highest in the monsoon months and least in the 
months March to May. 

It is easy to understand why, during winter, the mean value of the conductivity 
should be small. Owing to the stability of the atmosphere and the character of 
the a*r movement, the air near the ground collects an appreciable quantity of smoke 
and nuclei during certain parts of the day reducing the number and mobility of the 
ions. In the period May to September, owing to the strength and gustiness of the 
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winds and the fact that the air flow is mainly from the north-west, west or south- 
west, i.e., from the sea, the conductivity shows high values. A very interesting 
feature is the increase of air-earth current with the onset of the monsoon. As is 
clear from Figs. 1 and 2, this is due to the marked increase in potential gradient from 
May to June. 

(2) Daily variation. % 

The diurnal variation of the three electrical elements shown in Figs. 3, a to A, is 
simplest during the monsoon (Fig. 3h.)> when the general wind has only a very small 
diurnal variation. In this season, the potential gradient has a maximum at about 
midnight (which corresponds to the time of maximum potential gradient over 
the oceans — 19 hrs. G. M. T.) 3 and a feeble minimum in the afternoon In October 
(Fig. 3d.) there are two maxima during the day in the potential gradient, the main 
one being near midnight, and the other being between 7 and 12 hrs. in the morning. 
The forenoon maximum becomes more pronounced with the progress of winter, the 
two maxima being of nearly the same intensity m January (Fig. 3a.). In the hot 
scasop months, March and April (Fig. 3b.), with the increasing strength and duration 
of the afternoon sea-breeze, the night maximum dwindles in importance and the 
forenoon maximum becomes more prominent In the non-monsoon months, the 
daily variation of conductivity is roughly inverse to that of potential gradient so that 
the air-earth current shows less variation than either potential gradient or conduc- 
tivity, the only definite variation being smaller values during the day and a maxi- 
mum within a couple of hours of local midnight coinciding with the maximum over 
the ocean. 8 

Except in the winter, the conductivity and air-earth current are generally 
higher during the night hours than during day. Conspicuous minima of these 
quantities occur at about the times of sunrise and sunset. While there is little doubt 
that the secondary maximum of conductivity in the afternoon hours is due to con- 
vective mixing of the air near the ground with the pirer upper atmosphere and tli9 
dispersion of pollution by wind, the generally smaller values at about the time of 
sunrise are perhaps to be ascribed to some deleterious influence of solar radiation on 
either the number or the mobility of the ions due to changes in the number or nature 
of nuclei. It may be remembered that while the average conductivity over the ocean 
is greater during the day than during the night, observations at a high level station 
like Davos 2 in Switzerland show a somewhat similar behaviour to that observed 
at Bombay in monsoon with marked decrease of conductivity during the day-hours. 
The reason for these differences is not clear. It is likely that data on nuclei variation 
will throw light on this point. 

In order to show how the afternoon maximum of conductivity is related to wind, 
curves of mean wind speed and direction and conductivity in the three months Janu- 
ary, April and July are drawn in Fig. 4, a to c. The wind data used refer only to 
the hours on which conductivity observations were taken. They show that between 
10 and 18 hrs. the two curves are nearly parallel. 

Comparison oi daily variation of potential gradient at Bombay with that over the 

oceans. 

From the potential gradient observations taken on board the Carnegie , Mauchly 3 
discovered that over the oceans, the daily variation of potential gradient is very 
simple in character depending not on local time but on universal time — the maxi- 
mum value of potential gradient being at 18 to 19 hrs. G. M. T. and the minimum at 
about 4 hrs. G. M. T. As mentioned already, the air over. Colaba in the monsoon 
comes directly from the sea and hence it may be expected that the diurnal variation 
in this season will approach that over the ocean. Fig. 5 compares the diurnal variation 
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of potential gradient over Bombay in the monsoon ( June-September) and the winter 
Reasons (November-February) with that over the ocean. The parallelism of the 
former with the ocean variation between 10 and 19 hrs. is clear. Even in winter, the 
trend of variation is similar, but the disturbance due to local effects is much too large 
for the similarity to be conspicuous. 

Some specific examples of changes in potential gradient and conductivity with change 

in wind-direction. 

The daily alternating changes of wind-direction which is a very marked feature 
of Bombay weather in all non-monsoon months generally cause large and abrupt 
changes of potential gradient. These are also accompanied by corresponding changes 
of conductivity. Four examples in different months of the year are briefly discussed 
below. 

Example 1. — 6th to 6th November, 1935 (F%q. 7)* 

The wind was north-westerly and from the sea in the afternoon hours of the 5th. 
The direction changed to north-east at about 22*30 hrs. and later to easterly. This 
land wind persisted till 10*30 hrs. on the 6th when it again changed to north-westerly. 
The sea winds were as usual more gusty. The larger values of potential gradient 
during the period of land-winds with conspicuous maxima during the first two or 
three hours after their commencement and before their cessation are well shown in the 
figure. There were only three measurements of conductivity during the land wind 
hours, but they all show the decreased conductivity of the easterly air as compared 
with that of the sea air. The maxima of potential gradient occur apparently when 
the atmospheric pollution 1 over the observatory reaches a maximum. This occurs 
(i) when the smoke haze from the mill area in north Bombay (about 10 kms. north of 
the observatory) which had been heaped up against the coastal hills on the eastern 
side of the Bay extending north and south by the north-westerly sea winds is brought 
by the returning land-winds over the observatory, (ii) when the morning sunshine 
sets up turbulence m the lower atmosphere, mixes up the haze layer near the ground 
and the winds bring up some of it and smoke from the city over the observatory. 

It is assumed that the changes of potential gradient, and more so of conductivity, 
are almost entirely due to changes in smoke 10 and the nuclei 7 content of the 

n rr 


Example 2.— April 28th, 1936. ( Fxg 6). 


The changes are similar, but the duration of easterly wind and the correspon ding 
variations m potential gradient and conductivity extend only over a period of 5 to 
6 hrs. on the morning. 


Example 8.— 28th 


(Fig. 8). 


This was a typical monsoon day with continuous air supply from the sea. Both 
the potential gradient and the wind curves show very little diurnal variation and the 
former is conspicuous by the absence of high values which mark the curves of the 
preceding two seasons. The conductivity bears no marked correspondence with 
potential gradient and is of the usual monsoon type with low values at about sunrise 
and sunset and higher values at night. 

’The values of oonduotivity shown in Figs. 6 to 9 are to be multiplied by Q. 82 to get *.h« 
ma gnitucie. 
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Example 4.— 10th September, 1936. (Fig. 9 ). 

This chart illustrates the effect of land-wind but without mixture of additional 
pollution from the city area. The wind suddenly veered from WSW through S to E 
at about 4*20 a.m. and after a few minutes duration changed to SE and remained 
there till about 9 a.m. Thereafter it again changed direction blowing between 
S and W. The first change to east was accompanied by a corresponding rise in 
potential gradient. As might be expected the potential gradient was generally 
higher during the prevalence of the southeasterly wind than when it w T as from the 
west or south-west. A fall in conductivity is noticed corresponding to the rise of 
potential gradient, otherwise it shows the usual monsoon variation. 

The conductivity observations were first started under Dr. S. C. Roy, M.Sc., 
D.Sc. (Lond.). Both to him and to Dr. K. R. Ramanathan, M.A.,D.Sc., who has 
taken very keen interest in the work ever since he assumed charge of this observatory 
and helped me in various ways, I tender my grateful thanks. My thanks are also duo 
to Mr. A. S. Chaubal, B.Sc., who assisted me in taking a few observations during 
monsoon. 
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Hn. (L. 11 T.) 


January 


February 


July 

August 

September 


November 


Deoember 


8 9 I 10 I 11 



229 236 886 276 244 136 
±64 ±96 ±69 ±76 ±110 ±31 


238 236 280 266 206 
±68 ±71 ±63 ±44 ±73 


188* 177 181* 172* 128 
±98 ±63 ±134 ±168 ±60 


214 227* 243 113 93 

±61 ±118 ±116 ±41 ±33 


110 111* 94 101 

±24 ±68 ±26 ±28 


129 128 131 138 

±33 ±26 ±33 ±31 


173 166 166 166 
±21 ±22 ±21 ±19 


143 144 164 142 

±38 ±32 ±29 ± 40 


164 ! 167 167 167 

±44 ±8 ±43 ±19 


164 171* 164 164 

±74 ±92 ±62 ±26 


166* 131 167 204 

±90 ±36 ±44 ±63 


206 231 223 261 

±75 ±98 ±81 ±99 


Year 

181 

166 

Winter or Dry 

235 

208 

Pre. and Post- Monsoon 

143 

122 

or Hot. 



Monsoon or Wet 

166 

167 



•The hourly means whose standard deviations f{N—l) 
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Gradient in volts/metre — Monthly Means. 


12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

Daily 

Mean, 

117 

±33 

108 

±24 

115 

±40 

98 

±30 

111 

±34 

112 

±24 

127 

±24 

146 

±29 

169 

±23 

183 

±67 

198 

±97 

266* 

±243 

189 

140 

±48 

96 

±34 

95 

±24 

114* 

±59 

133* 

±81 

141* 

±84 

129 

±48 

133 

±46 

124 

±44 

128* 

±70 

103 

±42 

124 

±41 

173 

71 

±32 

90 

±27 

76 

±23 

94 

±6 

79 

±28 

71 

±12 

110 

±49 

142 

±48 

115 

±22 

124 

±55 

146* 

±86 

89* 

±49 

121 

91 

±24 

91 

±33 

77 

±24 

77 

±19 

69 

±19 

74 

±12 

90 

±14 

95 

±17 

99 

±19 

100 

±24 

92 

±14 

86 

±73 

115 

102 

±13 

98 

±17 

100 

±10 

103 

±20 

97 

±18 

97 

±16 

109 

±14 

114 

±20 

122 

±76 

114 

±10 

97 

±IS 

98 

±20 

97 

* 

141 

±24 

133 

±18 

120 

±22 

116 

±13 

116 

±15 

132 

±8 

129 

±15 

128 

±17 

141 

±22 

147 

±14 

157 

±22 

155 

±70 

138 

149 

±23 

147 

±27 

140 

±27 

132 

±19 

129 

±20 

137 

±20 

141 

±29 

145 

±23 

142 

±21 

144 

±24 

141 

±23 

150 

±21 

150 

154 

±23 

150 

±26 

142 

±30 

185 

±31 

136 

±20 

138 

±31 

136 

±22 

142 

±25 

152 

±54 

161 

±62 

159 

±43 

161 

±26 

148 

146 

±32 

133 

±13 

136 

±44 

125 

±17 

131 

±61 

146 

±22 

147 

±14 

154 

±10 

147 

±14 

149 

±/4 

147 

±13 

135 

±75 

155 

172 

±21 

146* 

±79 

114 

±36 

109 

±23 

108 

±14 

119 

±6 

122 

±26 

143 

±53 

130 

±47 

132 

±37 

181 

±52 

230* 

±129 

159 

174 

±55 

105 

±43 

103* 

±55 

96 

±23 

119 

±24 

127 

±33 

155 

±45 

153 

±36 

161 

±26 

193 

±51 

237 

±107 

285 

±73 

162 

167 

±67 

142 

±55 

126 

±63 

117 

±36 

126 

±31 

143 

±36 

163 

±35 

176 

±51 

171 

±43 

199 

**±33 

301 

±70? 

802 

±75 

198 

135 

120 

112 

110 

113 

120 

130 

139 

140 


163 

173 

150 

149 

113 

110 

106 

122 

131 

143 

152 

156 

176 

210 

244 

180 

109 

106 

92 

96 

88 

90 

108 

123 

117 

1 

129 

126 

123 

147 

141 

135 

127 

1 

128 

138 

138 

142 

148 

150 


150 

147 


**oeed 60 per cent of the means ere marked with an asterisk. 
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Table 3 (a). — Total Conductivity 
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(Unit— lfr~* E. »S. U.)— Monthly Means. 


12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

Daily 

Mean. 

2-28 

2 62 

2 74 

3 03 

2 89 

2 71 

2 52 

2 36 

2 13 

2 36 

2 - 06 * 

2 07 * 

1 90 

±0 60 

±0 33 

±0 65 

±0 59 

±0 62 

± 0 51 

±0 45 

1 0 77 

±0 84 

±0 96 

± 1 24 

±1 50 


2 07 

2 90 

3 07 

2 97 

j 2 77 

1 

2 50 

2 39 

2 12 

2 72 

1 94 

3 09 

2-59* 

2 06 

±0 71 

±0 57 

±0 55 

±0 71 

I ±0 77 

±0 55 

± 0 54 

±0 56 

±0 57 

i ±0 86 

±1 15 

ll 33 


2 75 

2 60 

2 8 < 

2 71 

2 88 

2 83 

2 85 

2 08 

2 82 

2 20 

2 30 

2 68 

2-35 

±0 50 

± 0 54 

±0-60 

±0 57 

l 

±0 61 

±0 46 

±0 66 

10 89 

±0 38 

±0 71 

±0 77 

±0 53 


2 87 

2 98 

3 3( 

3 47 

3 41 

3 52 

3 03 

3 00 

3 11 

3 52 

3 97 

4.03 

2-81 

±0 55 

±0 46 

± 0 5 b 

10 U 

±0 50 

±0 33 

±0 41 

! ±0 82 

1 0 75 

10 45 

10 44 

±0 U 


2 90 

2 97 

2 78 

2 71 

2 70 

2 61 

2 50 

2 25 

2 55 

2 92 

3 17 

3 56 

2-79 

±0 IS 

±0 32 

1 0 19 

±0 25 

±0 17 

±0 22 

±0 13 

±0 71 

±0 72 

10 29 

±0 14 

±0 U 


3 18 

3 39 

3 50 

3 33 

3 01 

3 01 

2 74 

2 35 

3 13 

3 46 

3 50 

4 16 

313 

±0 60 

±0 55 

±0 57 

±0 39 

10 66 

10 76 

10 61 

±0 66 

±0 67 

±0 36 

±0 79 

10 88 


2 71 

2 80 

2 97 

2 71 

2 02 

2 59 

2 48 

2 40 

2 64 

3 12 

3 51 

3 89 

2-92 

±0 30 

±0 43 

±0 58 

±0 23 

±0 26 

;±0 29 

10 33 

±0 45 

±0 11 

| 

1 0 41 

10 43 

±0 78 


3 10 

3 23 

3 23 

3 15 

3 U 

3 05 

2 97 

3 35 

3 30 

3 88 

3 71 

3 63 

j 3-15 

- t - 0 50 

±0 57 

±0 61 

±0 50 

±0 36 

1 ±0 30 

±0 43 

1 0 64 

± 1 01 

| 11 02 

10 95 

11 38 


3 17 

3 47 

3 17 

3 50 

3 31 

3 26 

2 91 

2 64 

2 87 

3 39 

3 67 

3 99 

3 06 

±0 20 

±0 51 

±0 51 

±0 30 

±0 53 

±G 12 

±0 43 

±0 52 

±0 59 

±0 31 

±0 dr 

1 0-32 


2 77 

2 71 

2-94 

3 10 

3 35 

2 94 

2 71 

2 39 

2 83 

3 10 

2 60 

2 80 

2 51 

±0 30 

±0 6 b 

±0 79 

±0 39 

-1 0 35 

±0 35 

±0 26 

±0 80 | 

1 0 79 

±0 95 

±0 00 

11 22 


2 05 

2 53 1 

2 63 

2 70 

2 74 

2 58 

2 03 

2 16 | 

20 1 > 

2 11 * 

1 81 * 

1-59 

212 

±0 SO 

±0 03\±0 66 

\ 

±0 39 

± 0 55 

±0 40 

±0 53 

±0 38 | 

±0 66 

±. 1 19 

±1 22 

±0 45 


1 88 

2 29 , 

2 99 

3 07 

2 93 

2 65 

2 21 

1 89 

2 24 

2 35 

1 55 * 

106* 

1-90 

±0 30 

±0 46|±0 15 

±0 69 

±0 85 

±0 97 

± 0 80 

±0 30 1 

i 

±0 85 , 

±0 20 

11 29 

±210 


1 

2-64 

2-89 

3-01 

3 03 

2 98 

2-85 

2 62 | 

2 43 

2 70 

2 95 

2 92 


2 56 

2 07 

2 59 

2 85 

2 94 

2 83 

2 62 

2 30 1 

1 

2 13 

2 28 - 

2 44 

2 13 

1-82 

2-00 

2*82 

2-83 

2*95 

3 00 

3 10 

2 98 

2 77 

2 44 

2 83 

2 95 

301 

3- 26 

2-62 

3 04 

3 24 

3-22 

3 17 

i 

l 

3 02 

2-98 

2-79 

1 

1 

2 70 

2 98 

I 

3 46 

3 60 

3.92 

3 05 


exoeed 50 per oent of the moans are marked with an asterisk. 
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Table 3 (6). — Positive Conductivity 


Hr*. (L. M. T.) 


■ 

■ 


■ 








Month 

or 

Season. 

\ 

\ 

0 


2 

3 

1 

5 

6 

7 

1 

8 

9 


1 

January 


0 60 

0 76 

0 67 

0-76 

0 64 

0 47 

0-58 

0-43 

0*62 

0 63 

0-C4 

1*04 

February 

•• 

0 89 

0 89 

*0-89 

1 00 

0 63 

0 53 

0 40 

0 48 

0 56 

0 61 

0-71 

0 82 

March 


1-62 

1 -61 

1-46 

1 39 

0 89 

0 62 

0 47 

0 66 

0-78 

0 97 

0 89 

1- 01 

April 


1 82 

1-57 

1-41 

1 64 

1 19 

0 55 

0 *35 

0 50 

0 57 

1 06 

1 29 

1 48 

May 


1 66 

1 66 

1 72 

1 71 

1 57 

l 18 

0 80 

107 

1 20 

1 12 

1 28 

1 41 

June 

•• 

1 73 

1 80 

1 82 

1 72 

1 62 

1 46 

1 12 

1 43 

1 44 

1 39 

1 43 

162 

July 


1 87 

1 75 

1 71 

1-94 

1 67 

1 53 

1 04 

1 19 

1 30 

1 33 

1 25 

1 27 

August 

•• 

1-90 

1 79 

1 65 

1 90 

1 66 

1 30 

0 94 

0 98 

1 30 

1 39 

1 43 

1-40 

September 


1 85 

1-51 

1 70 

1 69 

1-40 

1-21 

j 

0 90 

1 17 

1 25 

1 45 

1 34 

1 54 

October 

•• 

1 07 

115 

1 16 

111 

1 36 

1 18 

0 77 

i 0 89 

0 92 

; 0 97 

0 96 

1 24 

November 


0-98 

1 06 

1 16 

1 16 

1 10 

1-09 

0 83 

0 93 

0 92 

0 83 

0 88 

1 01 

December 

•• 

0-92 

0-70 

0 75 

0 75 

0 96 

0 72 

0 71 j 

0 58 

0 80 

1 

1 

0 75 

0-89 

0 86 

Year 

9 , 

1-41 

1-34 

1-34 

1*41 

1-22 

1 02 

0 *75 

0 86 

1 

j 

0 97 

1 04 

1 08 

1-21 

Winter or Dry 

•• 

0*84 

0-84 

0-87 

0*92 

0 81 

0*71 

0-63 

0-61 

0 72 

0-71 

0-78 

O’ 93 

Pine- and Post-Monsoon 
or Hot. 

1 54 

1 44 

1-43 

1*46 

1-25 

0-86 

0 60 

0 78 

0 86 

1*03 

111 

1-29 

Monsoon or Wet 

•• 

1-84 

1-71 

i 

1-72 

1-81 

1-59 

1-37 

1*00 

1*20 

1*32 

1-39 

1-36 

i 

1-43 
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(Unit = 10~* E. S. U.) — Monthly Means. 
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8. 11. MUKHERJEE, 


Table 4 — Air-Earth Current 
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Table 5. — Mean Values of Electric Elements at 10 hrs. 
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ANNUAL VARIATIONS of CONDUCTIVITY, POTENTIAL GRADIENT 
AND AIR “EARTH CURRENT at COLABA. 











ON ELECTRICALLY QUIET DAYS (1935-36) 




FIG. 3b. DIURNAL VARIATION of POTENTIAL GRADIENT, CONDUCTIVITY ANC 
AIR-EARTH CURRENT at COLABA oh ELECTRICALLY QUIET DAY'S ( 1935-36.). 









FIG. 4. DIURNAL VARIATION of CONDUCTIVITY & 
WIND at COLAB A on ELECTRICALLY QUIET DAYS. 
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FIG. 8. 



FIG. 9. 
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AVERAGE INTENSITY OF RAINFALL ON A RAINY DAY IN INDIA 

BY 

V DOIIAINWAMY 1YKR vm > K VSTl'IMN VTII SOUTl. 

(Rem ml on 'Jml Sr pit mhi'i I! Mi, ((mint rt I'iscil {turn on SUhh Inqiist IUH7 ) 


Ab^tnut. Mnntlik i baits nt tin aw lap inU*ii'Ul\ « »1 i.unl.ill mi <i r.uny il.iv an* prepared and 
diwu^iil 'Flu a\oia>:« k mt<nsit\ .ismm i ite<l with winter di*>tui l*an< « s is fuund tn In* modi rate Tho 
lntmsiH mi leases uiaduaik diuin^the hut weather till a maximum \alue im leadml in the* monsoon 
Durum tin In mht of tin monsonn the i liu f feature of the disti ilmtion is the i outlast between the 
windward and lnw.ud sidi s uf t h« mountain laimis In tin ntie.ituiL' monsoon months the area of 
lll^rlu -t mtill'iU 111" .ilium the io,|st nt till H«l\ lit BiiiimI 

ruder the laml.dl organization <>f tlie* ( lo\ <*rmm*nt of India. lumfull measure- 
ments are made dail\ at a large* number of stations, the legist rat inn m e*.ie li pro\ince 
being placed under the* Mipcmsion of an officer of the* Provincial (Jovcrnmont The 
number of lamgaugcs included in this organization was e>\er l!,000 m the* vear 1900 
and has now iisen above o.OOO 

Kami. ill m India is mcasurcil in inches eorre*et to a hunelre*dth of an inch Up 
to 1K90 the* India Meteorological l)e»partment follow eel the* general practice of other 
meteorological service's and aelei])te*ei a rainfall of a hundredth of an inch or upwards 
m 2 1 houis as defining a i.iinv dav During the* re*orgamzatie>n of the system of 
rainfall registration throughout India which was effe*ete»el in 1890, it was considered 
that in a tropical country like Inelia a fall of 0-01" in a dav was te>o small to be of 
any value for agricultural purposes, anel a fall of ()• 10", one tenth of an inch, in 
twentyfour hours, was selected as the most suitable for the definition of a rainy 
day. Since then rainy days have been calculated according to this convention 
and the normals of rainy days published are based on such figures. 
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V. DORAISWAMY IYER AND KASTURINATII SORT I. 


The normals of rainfall and of the number of rainy (lavs for all the raingauge 
stations based on data up to the end of the year 1900 were published in the Indian 
Meteorological Menton s , Volume XVII. These data have also been used m the 
preparation of the normal charts of rainfall and of the number of rainy days in the 
Climatological Atlas of India Subsequently revised normals of rainfall and of the 
number of rainy days based on data up to 1910 were published in the departmental 
Memoirs , Volume XXI L Pa its I and //, and normals based on data up to 1920 
were published in Volume XXIII , Pait VII . 

In addition to the above data relating to rainfall, intensity of rainfall is an 
important climatic element Intensity may be calculated for each rainy day, each 
rainy hour or even shorter intervals of time depending upon the data available 
The present note deals with the average intensity of rainfall on a ramv day This 
element has not been discussed so far except for a brief mention by Blanford 1 . 
It seemed therefore worthwhile to calculate this figure for each month of the year 
and study its variation m time and space. In doing so the district was adopted as 
a unit more convenient to work with than the individual stations 2 . The district 
normals of rainfall, calculated with the help of the normals of individual raingauge 
stations based upon all data up to 1920, given in Volume XX III, Pail VII , of the 
departmental Mcmous, were utilised fur the purpose From the district noimals 
of rainfall and of the number of rainy days in each month, which are the arithmeti- 
cal averages of the noimals of all the stations m the district, the average intensity 
of rainfall on a rainy dav m each (list net was calculated Thus in tin* month of 
January in the distnct of Sibsagar in Assam the normal rainfall is !•()<>" and the 
normal number of rainy da\ s is 2-7 The a\erage intensity of rainfall on a rainy 
day is therefore l -Ob" — 27== 0-b9" The values of average intensity thus 
obtained were plotted upon a district map of India and lines of equal intensity 
drawm at intervals of ()■ 2" up to one inch and at larger intervals above one inch. 
These maps are shown in Figs l to VI at the end of the paper. The distribution 
is briefly discussed in the following paiagiaphs 

Janwntj- The intensity is greatest being more than 0-S", on the Coromandel 
coast , it decreases to les* than 0 b" m the interior of tin* Peninsula and increases 
again on appioaclung the west coast This distribution is apparently associated 
with the tempoiarv re\i\al of north-east monsoon conditions m the south of the 
Bay which gi\cs tin* so-called ‘ Ponged show ci s' m south Madias A second 
region of high intensities exceeding O b", found .dong the western Himalayas 
and the adjoining plains, I*, eudenth associated with the western disturbances 
which pass across tins region The intensity is less than <)• I" m the drv tracts of 
northwest India as w r ell as m upper Assam and the Iirawnddv valley 

Felt tuny — The region of modeiatclv high intensity on and near the western 
Himalayas peisists The maxima on the Coromandel coast give 1 place to maxima 
over Pegu, piesuniablv an efteet of thundci showers The distiibulmn is nearly 
uniform along the coast from M dahai to Ai.iLm 

Match — The beginning of the spring tliuudcistorms known as lk Nor’w esters ” 
over Bengal and Assam is indicated by the increase of intensity in these regions. 
High figures continue in parts of Lower Burma 

( x ) Blanford. — Climates and Weather of India. j»p 75 — 76 and 259 

(*) This helped not merely to minimise the labour in\olvcd, as it was enough to calculate values 
for about 350 districts instead of for over 3,000 stations, but it gave also a clearer picture of the genera] 
distribution of this element over India than the more variable figures of individual stations. 
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April.- There is a further increase of intensity over Burma, Assam and east 
Bengal, the figures being nowhere below 0-4" in these provinces The average fall 
per rainy day is over 1-25" on the Khasi lulls and exceeds an inch m Cachar 
and Sandow av The noteworthy change in north-west India is the increase in 
Cutch and lower Sind. 

May. There is a general increase of intensity throughout India , the figures 
exceed an inch along the Burma coast except where the hills are interrupted by the 
Irrawaddy delta, and approacli an inch along the west coast of the Peninsula. 
TIigh values continue in east Bengal and south Assam, the maximum of 1 -7* 
occurring in the Khasi lulls 

June With the setting in of the monsoon m June the striking feature of the 
intensity distribution is the contrast between the windward and leeward sides of 
the mountain ranges on the west coast of the Peninsula and on the Burma coast. 
On both these coasts the figures exceed 1*5" m places, and probably rise to higher 
values on the hills as exemplified bv Mahabaleshwar with its average of 2", but 
rapidly fall off to less than 0-fi" in tin* interior of the Peninsula and of Burma. 
The average fall exceeds 1-5* near the Sikkim Himalayas and is nearly 3" on the 
Khasi hills. The lowest intensity of less than 0-2" occurs in the extreme northwest 
of Baluchistan 

July — The* distribution is m the mam similar to that in June in the Peninsula 
and Burma The* mam change from June to Julv m northern India is a decrease 
in lower Bengal, an extension of the region of high intensitv along the ihmalavas 
up to the Punj.il> and an meiease in northwest India due* to the extension of the 
mon-oon m a '.-ociulion with t he westw.iid parage of dcpicssmns fioni tin* B.i\ 

luguJ The \ugust chart shows a decrease of intensitv on the* west coast of 
the* Peninsula and on the* Burma coast togethei with a slight meiease m the east 
of the Pemnisiila and in the* interim of Burma, and a consequent diminution in the 
contrast between the two sides of the* mountain rang* > In northern India the 
chief change i>, a decrease m the Khasi lulls and in lower Smd 

Srp/embn There is a further decrease • *i internal \ on ihe west coast oj the 
Peninsula a ell a- on the Burma coad, .me ilc* contract between the windward 
and leeward side-» of the coastal range* discppeais in tin* Peninsula, but is still 
noticeable in Burma There is an increase in nnithwest India cspecialh on and 
near the Pmi|al«-Kumaon hills, due* to tin* fact that stoims from the* Ba\ break 
up in these lulls in this month In tin* Khasi hills tin* intensitv is I 7", tin* same 
value* as in Mav 

Odober With tin* retreat of the monsoon o\»r tin* B,i\ and its setting in as 
the * northeast monsoon ’ in Madras tln*n* I*' an im*ic*asc* m this month ahui" the 
east .Madras coast T ln* Ingh mt«*n-it\ m tin* submontane region from tin* cast. 
Punjab to Assam peisists, indicating that, though occasions of ram arc* l.ire, 
the falls are as hcaw m Oc tober as in September winch lias a much higher lamfall 
There is gencrallv a decrease over the rest of the country It is interesting to note 
that the mean intensitv over India as a whole is the* same in this month as m the 
pre-monsoon month of Mav, but the distribution is different wlnle in Mav there 
is a concentration of high intensity over northeast India with a rapid decrease 
westwards, the contrasts are less marked in October and the highest intensity is 
found along the Himalayas and on the coast round the Bay of Bengal. 
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November . — The sub-Himalayan strip of high intensity which persisted in the 
monsoon months has disappeared, and there is also a general decrease over the 
whole country, except on the coastal strip round the Bay of Bengal where the 
4 northeast monsoon * continues to be active ; the higher figures on the Orissa and 
Arakan coasts seem to be associated with the storms of this month. 

December —The only regions where the intensity exceeds 1-0" are the 
Coromandel and Circars coasts, but intensity decreases rapidly on passing inland. 
The intensity is below 0*6" over most of the country outside the Peninsula and is 
below 0*4" in south It a j put ana, lower Sind and Gujarat. 

Year , — Taking the year as a whole the intensity exceeds 2-0* on the Khasi 
hills, is over 1-6* on the Arakan coast, and lies between 1-0* and 1-6* all along 
the w r est coast of the Peninsula, in Tenasserim and in a few districts of Bengal. 
Over the remainder of the country the intensity is mostly between 0-6* and 
1-0", and falls below 0-6* only in the southwest Punjab, the North-West Frontier 
Province and Baluchistan, and in parts of the Deccan plateau and of the Shan 
States. 

The main features of the distribution of intensity of rainfall in India may be 
summarised as follows - - 

(1) The average daily precipitation associated with western disturbances which 

travel across northern India in the winter months does not exceed 
0-8" even on the lulls, while m tin 1 plains it. is below 0'4 W m some 
parts of northwest India and Burma 

(2) During the hot weather months the a\erago mtensitv is least in north- 

west India and is highest in Assam, east Bengal and on the Burma 
coast With the ad\aii( e of the season there is a general increase 
of the a\eiage intensity the mean foi the whole of India being half 
an inch in March and tourlitths of an nidi in JVlav This appears to 
be mainly due to the tact that the (old an masses which flow over 
India m winter aie lephned inudualk h\ tin 1 wiumor and more humid 
air from the surrounding seas 

(3) During the monsoon months the striking feature of the distribution is 

the shaip contract between the windward and leewaid sides of the 
mountain ranges winch lie athwart the monsoon current With tin 1 
advance of the season, when the monsoon weakens, the contrast between 
tin* two sides of the mountain ranges becomes less marked 

(1) During the months of October to December when tin* monsoon recedes 
to lower latitudes m the Bay of Bengal the thief factois controlling 
the distribution of the intensity of rain are the tracks of the post- 
monsoon stoims and the setting m of the ‘ northeast monsoon ’ on 
the Coromandel coast- 

Extreme examples of heavy falls are to lie found in tin* Khasi lulls and on the 
Western Ghats Over the Khasi hills as a whole the average intensity is nearly 
three inches in June and July, and about two and a half inches in August Taking 
individual stations the average intensity is three and three quarters of an inch at 
Cherrapunji in June and July, w r hile at Mawsynram, which is situated in a similar 
high valley at a distance of 10 miles from Cherrapunji as the crow flies and at a 
slightly higher elevation, the average intensity is nearly four inches in May and 
August, four and a half inches in July and five inches in June. At Mahabaleshwar 
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on the Western Ghats the average intensity is three and a half inches in July and 
two and a half inches in August. Further south on the Western Ghats, at Agumbe 
and Byrapur Estate in Mysore, the average intensity is three and three quarters 
of an inch in July and about 1\\o and a half inches both m June and August. 

It may be mentioned that the brief discussion of this element by Blanford 1 
is based on the general average for the vear and his number of rainy days included 
all days of ram of 0-01* and above His figuics weie therefore stric tly comparable 
with figures m Britain He concluded from such a comparison that, day for 
day, lamfnll is three to seven times as heavv m the plains of India as in western 
Europe* The restricted count which is m use from 1 SHI decreases the number of 
k rainv days’ and hence gives a higher value for the average intensity Hence 
the intensity figures given in Hus paper are higher than those* obtained bv Blanford, 
especially in regions vvlieie light rain of less than (MO* is more common m certain 
seasons of the year His further observations apply with greater force to the 
present figures, and they are quoted below ' The common proverbial expression 
‘ it never rams but poms ’ is a literal expicssion of the lamfall of India This is as 
Irue of such places as Jacobahad and Multan wheie there aie no more than about 
fourteen rainv days m the vear as of Point de < Salle where it rams on “200 days on 
the average 


I 1 ; J im Cit 
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Figs 1-2 Average intensity of rain on a rainy day- 
January and February 














Figs 5-6 Average intensity of rain on a rainy day 
May and June 






Figs 7-8 Average intensity ot rain on a rainy day 
July and August 





Figs. 9-10 Average intensity ot rain on a rainy day 
September and October 
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DAILY VARIATIONS OF TEMPERATURE AND PRESSURE AT DIFFERENT 
LEVELS OVER AGRA ASSOCIATED WITH PASSAGE 
OF WESTERN DISTURBANCES 

Bi’ 

S P VKN KITKSil WABAN. 

(Received on 9th May 1036, and in n vised form on 3id September 1936.) 

Ahslrmt - -Tin* papei descnlus tin* d.ij to day c h.mgcs ot temperature and j rossurt* at different 
heights over Agr.i obtained from a smis of sounding balloon ascents made almost everv day during 
the period January -Man h, l!K)l It is ohsei ved tli.it the rapid decrease of lap^e rate uRi:ell> observed 
at about 12-13 kms over Agra during these months is associated with a fall of temperature piaeticallj 
at all heights below 1J kms , arise of tern jier.it ure above this height, and a fall of pressure extending 
praetualU throughout tho tioposphero o\u \gra An example of this effect was also furnished by 
some ascents made in Januaiy Fcbm.ity, 1DJU Instances ha\e also beern observed in which increase m 
lapse rates occurred in this region, and these* were associated with a use of temperature at levels 
below' about 12 kms , a fall above and a rise of pressure at all heights 1 1 is therefore suggested that both 
the decrease and the increase in lapse lates in this region mav be the icsults of adveetion over Agra 
from higher and lower latitudes respectivelv 

In the India Meteorological Department, the nature of the transition from the 
troposphere to the stratosphere lias been classified into four types, of which the types 
I, II and III art 1 defined according to the same conventions as those in use at the 
London Meteorological Office, while the type IV is a composite type in which the tran- 
sition takes place in two stages In this composite type, the low er transition occurs 
mostly at about 12-13 gkms. and the upper one at about lb- IS gkms The low T er 
transition varies from a sharp decrease of lapse rate to even a strong inversion, while 
the upper one is invariably an mveision, the region between the two having the 
lapse rate varying from 3° to 0 °C/gkm. 

During January to April 1931, sounding balloon instruments w r ere let off from 
Agra almost every day , the instruments retrieved gave a few' sets of records of upper 
air temperatures and pressures for consecutive days. From an analysis of these 
data, it is found that the formation of the inversion at the 12 gkms. level is generally 
associated with a fall of temperature below this level and a rise above. It is also 
accompanied by a fall of pressure at all heights. A few typical examples are 
described below’. 


(59) 
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Case I.— Slst January to 2nd February, 1929 —A sounding balloon instru- 
ment let off on 31st January 1929 during the passage of a cold wave showed that at 
about 10 kms. and above, the temperature distribution over Agra was nearly 
isothermal, and it appeared as though the stratosphere began at a height as low as 10 
kms. Following the wake of a western disturbance, the cold wave made its first 
appearance over India on the 25th of January 1929, when a general fall of temperature 
occurred along the Frontier hills The western disturbance lay as a low pressure 
area over east ltajputana and central India on the 25th, it mo\ed to the Central 
Provinces on the 27th and filled up on the 28th During this period, the cold wave 
was steadily moving eastwards. The seasonal high pressure area over north-west 
India began to intensify steadily from the 29th January and it spread over practically 
the whole of north India by about the 1st February. A second western depression 
affected the extreme north on the 30th and it rapidly moved to east Central Provinces 
on the 31st, filling up on the 1st February. The anticyclone probably reached its 
maximum intensity on the 1st February, when the pressure departures at 8 hrs. on 
the surface were of the order of + 0- 150" m the region of its centre. Its intensity 
began to decrease from the 2nd February. 

Temperatures and pressures at different levels over Agra on the 25th and 31st 
January and 2nd February 1929 are given in Table I and shown diagrammatically 
in Figs. 1 and 2 On the 31st January, on which date the cold wave nearly reached 
its climax, the temperature was below that on the 25th at all heights up to 10 gkms , 
while above this level it was higher, up to the available height of 15 gkms Pressure 
on the other hand fell appreciably at all levels except on the ground. The tempera- 
ture on this day was below normal* up to 12 gkms. while above this height it was 
above normal The pressure was below normal at all levels except on the ground. 

On the 2nd February, the intensity of the cold wave had definitely decreased 
on the ground The sounding balloon record for the day showed that the temperature 
had risen above that on the 31st at all levels up to 10 gkms , while it fell at higher 
heights. Pressure also rose practically at all heights. 

Similar changes of temperature and pressure over Agra, but, on a smaller 
scale, observed during the winter months of January — March 1931, are described 
below. 

Table I. 


Ht. (Gkm ) 

Normal 
(mean of 
Jan A 
Feb) 

25 1-29 

31-1-29 

2-2-29 | 

1 

Ht 

(Gkm ) 

Normal 
(mean of 
Jan & 
Feb) 

25-1-29 

31-1-29 

2-2-29. 



T r m n t 

rat u *■ e 

! 



Pr 

tas ure 


Ground 

294 0 

293 0 

285 0 

288 4 

Ground 

994 

993 

996 

996 

1 

287 0 

289 6 

27b 7 

282 7 

1 

901 

900 

897 

900 

2 

282 5 

283 5 

276 2 

279 9 

2 

797 

*98 

791 

794 

3 

275 5 

276 7 

269 3 

273 1 

3 

703 

704 

698 

701 

4 

269 5 

268 7 

263 9 

266 4 

4 

619 

620 

611 

616 

6 

263 5 

261 2 

256 6 

260 3 

5 

543 

644 

536 

540 

6 

256 0 

254 9 

249 5 

253 2 

6 

475 

475 

466 

471 

7 

249 5 

247 8 

243 1 

241 6 

7 

413 

413 

405 

408 

8 

242 5 

240 0 

236 4 

237 1 

8 

359 

358 

350 

354 

9 

235 0 

232 3 

228 0 

229 0 

9 

310 

309 

301 

305 

10 

228 0 

223 4 

220 3 

223 8 

10 

267 

265 

259 

261 

11 

222 0 

217 1 

220 4 

217 5 

11 

227 

227 

221 

224 

12 

217 5 

213 0 

220 3 

217 7 

12 

195 

193 

188 

191 

13 

213 0 

213 0 

217*2 

213 1 

13 

167 

164 

161 

162 

14 

2U 0 

213 8 

218 3 

211 2 

14 

141 

139 

137 

137 

15 

207 0 

213 0 

216*2 

211 3 

15 

119 

118 

117 

117 

16 

§04*0 

211*6 


213 7 

16 

101 

100 

.. 

98 6 

17 

202 5 

209*4 

•• 

•• 

17 

85 

85 




•The normals have been calculated from the soundings from 1925 to 1933 
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Case II.— 29th to 81st January 1981.— The weather in the region of Agra 
may be briefly described as being fair from the 25th to the 31st. A western distur- 
bance was active over Baluchistan on the 31st. Moving eastwards it lay as a low 
pressure area over the south-east Punjab and southern parts of the United Provinces 
on the morning of the 2nd February. 

Fig. 3 represents the temperature-height diagrams from the ascents made during 
these days, and Fig. 4 shows the isopleths of temperature and pressure drawn from 
these data 

From the 29th to the 31st there was a rise of temperature practically at all 
heights up to about 10 gkms., above which the temperature fell. There was also a 
corresponding rise of pressure at all heights during these days There was a well- 
marked inversion at about the 12 gkms. level on the 29th and it. became gradually 
less and less marked until the 31st with the temperature and pressure changes as 
observed above. 

Case III.— 13th to 20th February 1931.— On the 13th a western 

disturbance was affecting Baluchistan It moved eastwards on the 14th causing 
general ram m the North West Frontier Province and Kashmir, and a few falls in 
Sind, south-west Punjab and the Punjab hills It caused light showers in west 
Rajputana and the United Provinces on the 15th, and it appeared as a shallow low 
pressure area over the Central Provinces on the L6th A fresh western disturbance 
affected the North West Frontier on the 17th and moving eastwards merged into the 
low pressure area over the Central Provinces on the 19th , it filled up on the 23rd. 

From Fig 5a it can be observed that from the 13th to the 15th, there was an 
appreciable fall of temperature up to 1 1 gkms. and a rise at all levels above this 
height up to 15 gkms Above this height there was no large change. Pressure fell 
at all heights (Fig 5b) Fig 7 shows how a well-marked inversion resulted at the 
12 gkms level with the above temperature and pressure changes. 

From the 15th to the 16th, there was comparatively little change m temperature 
up to 6 gkms , but above this there was an increase up to 10 gkms , from 11 gkms. 
up to the base of the stratosphere at about 15 gkms temperature decreased. 

The ascent on the 17th reached only 13 gkms. but it shows that from the 
16th to 17th there was a general fall of temperature up to 10 gkms and a rise above 
associated with a fall of pressure above 4 gkms. 

From the 17th to the 20th there was a gradual and general rise of temperature 
from about 5 to 12 gkms above which there was either no change or a slight fall. 
There was a corresponding rise of pressure at 5 gkms. and above 

From the 15th to the 20th, though there were no large changes in temperature 
and pressure from day to day, yet one can see a tendency for the variation to follow 
the general law indicated above 

Case IV. -9th to 17th March 1931. — The weather during the period 9th tc 
13th March was generally fair. A western disturbance affected Baluchistan on the 
13th, and on the 14th it lay as a low pressure area over the region extending from 
upper Sind to west Central India. On the 15th, it was over south-west Punjab and 
Rajputana. On the 16th, it weakened and moved over Bihar and Orissa. On the 
17th a cyclonic circulation at and above 2 kms. was observed over north Punjab 
and Kashmir. On the morning of the 18th, this was not visible up to 6 kms., but 
the cirrus movement indicated a definite cyclonic circulation over east Punjab 
and west United Provinces. 
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Figs. 6a and 66 are the isopleths of temperature and pressure for this period. 
On the 10th the temperature was lower than that on the 9th at all levels above 5 gkms. 
up to 12 gkms., and above this height it was higher. The pressure on the 10th 
was lower than that on the 9th at all levels above 5 kms. 

From the 10th to the 12th the temperature rose at all heights up to 11 gkms., 
above which it fell, the pressure correspondingly rising at all heights. This was 
followed by further but slow rise in temperature practically at all heights till the 16th. 
There was a gradual but slight increase of pressure also at these levels during these 
days. 

The inversion at 12 gkms. was gradually wiped out and there was no trace of 
it on the 15th 

The lapse rate of temperature on the 10th, 12th and the 15th at the levels of the 
lower transition, viz , at about the 12 gkms level, is given below in Table II. It 
was lowest on the 10th, and on this day the temperature at levels below 12 gkms. 
was lower than that on the 9th and higher at the higher levels The lapse rate 
was highest on the 15th and was associated with the temperature and pressure 
changes described above. 
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Fig. 8 illustrates the distribution of temperature with height on the 10th, 12th 
and 15th 


On the 17th there was a large fall of tempcTature at all heights above 6 kms. 
extending up to 18 kms This was associated with a large fall of pressure of the 
order of 4 mbs at some heights especially above 10 kms Probably this was related 
to the cyclonic circulation observed on the morning of the 18th at the cirrus level 
and referred to above. 

CaseV. — 23rd to 3lst March 1931. — The weather was dry over the country 
till the 25th, on which day a western disturbance caused a few falls of rain in the 
North West Frontier Province. On the 27th morning a diffuse low pressure area 
appeared over east Punjab and the west United Provinces This low pressure 
area was over the United Provinces and the east Central India on the 28th and it 
persisted over there till the 30th. It filled up on the 31st 

From the 23rd to 28th (see Figs. 9a and 9b) the temperature diminished gradually 
at all levels above 3 gkms. up to 13 gkms and above this it gradually increased. 
There was also a gradual diminution of pressure during these days at all heights. 
But from the 28th to 30th there was an appreciable fall of temperature at all heights 
up to 9 gkms., above which the temperature increased. Pressure also fell at all 
heights. From the 30th to 31st there w T as rise of temperature at all heights up to 
9 gkms. and a fall up to 13 gkms., and little or no change above. Pressure rose at 
all heights during this interval, 
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It is interesting to note the gradual development of inversion at 12 gkm level 
from the temperature height curves for the period 23rd to 31st, given in Fuj JO 

It is obsei ve 1 in the eases descri bed above that the occurrenee of the lower transi- 
tion in the region of about 12 gkms. (type IV of the nature of transition from tropo- 
sphere to stratosphere) is associated with a fall of temperature at all heights below 
that level and a rise above, accompanied by a fall of pressure at all levels 

Dr. Ramanatlian and Mr. Ramaknshnan 1 have suggested that this lower 
transition may be due to a k ‘ meridional movement of air in the neighbouihood of the 
tropopause, the uppei transition cot responding to the tropopause of tropical latitudes 
and the lower one to that of temperate latitudes They have suggested that 
this may be the result of the ring of cold air which collects near the tropopause over 
tropical latitudes tending to spicad out with a slight downward component towards 
higher latitudes, to compensate for winch there is a movement in the lower levels 
towrurds lower latitudes, producing thcieby a kink in the tropopause in the region 
of maximum rate of variation of height m the tropopause with latitude The 
lower boundary of the spreading ceputonal air has been estimated to be m the 
neighbourhood of 12 gkms 2 . From the changes of tcinpciatuic associated with 
the formation of this haver transition observed m the different eases ch scnbeil m this 
paper, it appeals that it may aKo be explained b\ a simple! hvpothcsis 

From a comparison of the montlilv normals of tcmpcratuie and pressure for 
Agra (Lat 27' J t'N. Long 7«or>'K)and Poona (Lat IK 32' N, Long 73°f>l' E) 3 
during December to April, it will be obseived that the 1 tcmpei atures at all levels 
up to 12 gkms aie lower over \gi.i than over Poona, and above tin- height. Aua is 
wuimei than Poona The pressures over Agra arc lower than those* over Poona during 
these months at practically all height except near the* ground up to 1 gkm It 
ma\ therefore be .•.tinned lh.it, at tin* same level, the temperature decreases to the 
north ot Agia below 12 gkms and it nn i eases above tins height If, therefore, 
dunfig this season there i-> a movemcnl (not necessarrly by the same amount at all 
heights) of an extending np to the* stratosphere* from higher latitudes to Agra, 
the temperature will tall at all heights below 12 kins while* it will rise above* this 
height and this mav result in a decrease of the lapse* rate* already existing at about 
the 12 kms level These changes will he associated with a fall of pressure at all 
levels provided there are no other disturbing causes The decrease m the lapse 
rate may also occui even if this advutiem from the north occurs only at some 
particular heights above or below this level The general circulation is westerly 
over Agra during this season and therefore the effect described above may be observ- 
able over Agra even if the* north to south advcetinn occurs m some region to the 
west of Agra Similarly one mav expect higher lapse' rates than the existing one to 
occur at. this level when there is movement of air over Agra from lower latitudes. 
This will be associated with a rise* of pressure at all levels. 

I must thank Mr (5 Chatterjee, Mctcorologist-in-rhnrge, Upper Air Observatory, 
Agra, who was responsible fox the collection of data described m this paper, and Dr. 
N K. Sur and Mr S L. Malurkar for some valuable criticisms. 


1 Mem. Ind Met. Dcp , Vol. XXVI, Part IV, p. 53. 

' Nature, Vol 132, p 1*32. 

• Mem. Ind Met I)ep Vol XXV, Part V & Vol. XXVI, Part IV. 
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NORMAL MONTHLY PERCENTAGE FREQUENCIES OF SURFACE AND UPPER 
WINDS, UP TO 3 KM. AT ALLAHABAD. BEGUMPET, DELHI, SAMBALPUR, 
SANDOWAY, SILCHAR AND VICTORIA POINT. 

The monthly average frequencies, expressed ns percentages, of surface and upper 
winds up to 3 km based on observations of pilot balloon ascents made m the morning 
up to 10 lira at 32 pilot balloon stations were published m 1030 m Scientific Notes, 
Volume, 2, No 17. The present note contains similar data for 7 more stations which 
were started during the years 1929 to 1932 arranged in a slightly different form. 

The table below gives the names of the stations and other particulars relating 
to the data used m this Note. 


No. 

Station. 

i 

Lat (N) 
(dog 
nnn ) 

Long (B) 

min ) 

Height 
above sea 
level 
(metres) 

Period of data 

1 

Allahabad 

2528 

8151 

in 

March 1930 to December 
1935 

2 

Begumpot (Hyderabad 

Doccan) 

172b 

7827 

555 

Ncptomher 1929 to Decom- 
hc>r 1935 

3 

Delhi 

2839 

7717 

210 

1 1 

November 1929 to Febru- 
ary 1932 

4 

Sambalpur 

2128 

8401 

1 153 

1 

•Tune 1930 to December 
1935. 

5 

Sandoway . . J 

1828 

i 

j 9422 

1 • 
i 

1 

1 June 1932 to Deoember 

1 1935 

6 

Silchar 

2450 

i 

i 

! 

j 9251 

1 

40 

1 September 1932 to August 
1935 

7 

Victoria Point 

1001 

9833 

! 48 

1 

October 1932 to December 
1935 

1 
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The approximate British equivalents of the measures of height and velocity in 
metrical units used are given below for ready reference : — 

Values m metrical measure . British equivalents. 


500 metres 



. 1640 feet. 

1000 „ 

• 


.. 3281 „ 

2000 „ 

• 

• 

.6562 „ 

3000 „ 


. 

. 9843 „ 


< 5 km. per hour . 


< 3 miles per hour. 
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NORMAL PERCENTAGE FREQUENCIES OF SURFACE AND UPPER WINDS. 
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represents the percentage number of cases when speed was 5 km /hr or lew 
*0*5 km. is above surface all other heights are above m.s.l. 
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BEOUMPET. 



C N 




n represents the total number of observations and 

C represents the percentage number of cases when speed was 5 km /hr or less. 
• 0*5 km. is above surface v all other heights are above m.s.1. 
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n represents the total number of observations and 

0 represents the percentage number of cases when speed was 5 km. /hr. or less. 
* 0 a 6 km. is above surface ; all other heights are above m. s. 1. 
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NORMAL PERCENTAGE FREQUENCIES OF SURFACE AND UPPER WINDS. 

BEGUMPET. 



1 0 Km 



n represents the total number o£ observations and 

C represents the percentage number of cases when speed was 5 km./hr. or less. 
* 0*6 km. is above surfaco , all other heights are above nukl. 
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n represents the total number of observations and 

0 represents the percentage number of cases when speed was 5 km /hr or less. 
* 0*5 km. is above surface , all other heights are above m s.l. 
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n represents the total number of observations and 

C represents the percentage number of cases when speed was 5 km /hr or less. 
* 0'6 km Is above surface all other heights are above m s.l. 
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NORMAL PERCENTAGE FREQUENCIES OF SURFACE AND UPPER WINDS. 

DELHI. 



n represents the total numbf r of obser\ation* and 

C represents the percentage number of cases when speed was 5 km /hr or loss. 
*O a ft km. is above surface , all other heights are above m.s.1. 










































































NORMAL PERCENTAGE FREQUENCIES OF SURFACE AND UPPER WINDS.. 

SAMBALFUR. 





n repri hrnts the total mmihi r of ntarn ations arid 

C represents the pen nil apt number of oa*fs when Ape*od was 5 km./lir or Lcm, 
* 0*R Lm. Is aboxc t-urlarc . all other hugliU arc abo\e m s 1. 





































NORMAL PERCENTAGE FREQUENCIES OF SURFACE AND UPPER WINDS. 

SAMBALPUB. 






n represents the total number of ohsenations and 

C represents the percentage number of oases when speed was 5 km./hr or les«. 
*0*5 km is above surfaee , all other heights are above m.s.l. 






































NORMAL PERCENTAGE FREQUENCIES OF SURFACE AND UPPER WINDS. 
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n represents the total number of observations and 

C represents the percentage number of cases when speed was 6 km./hr. or lass. 


*0*1 km. is above surface . all other heights are above m.s.L 
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NORMAL PERCENTAGE FREQUENCIES OF SURFACE AND UPPER WINDS. 

SANDOWAY. 
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d represents the total number of observations and 

C represents the percentage number of cases when speed was 5 km./hr. or lets. 
*0*6 km. is above surface , all other heights are above nus.l. 
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HOJllUIi PERCENTAGE FREQUENCIES OF SURFACE AND UPPER WINDS. 

SANDOWAY. 



n represents the total number of observations and 

C represents the percentage number of cases when speed was 5 km /hr or less. 
•0*5 km. Is above surface , all other heights arc above m.s.1. 
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NORMAL PERCENTAGE FREQUENCIES OF SURFACE AND UPPER WINDS. 
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C represents the percentage number of cases when speed was 5 km./hr or less. 


0 6 kin is above surface , all other heights are above ra.s.l. 
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n represents the total number of observations and 


C represents the percentage number of cases when speed was 5 km /hr. or less. 
* 0*5 km. is above surfaoe ; all other heights are above m. s. 1. 
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n represents the total number of observations and 

C represents the percentage number of cases when speed was 5 km>/hr. or leas. 
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NORMAL PERCENTAGE FREQUENCIES OF SURFACE AND UPPER WINDS. 
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n represents the total number of observations and 


C represents the percentage number of casce when speed was 5 km /hr or less. 
*0*6 km. is above surface , all other heights are above m.s.l. 
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A NOTE ON THE STATISTICAL STUDY OF RAINFALL IN MYSORE STATE* 

BY 

A. Ananthapadmanabha Rao, B.A. 

( Received on 3rd May 1935.) 

Abstract — This paper deals with a statistical anal\sis of the mean annual rainfall of the 
Mysore State, its distnets and each of the individual taluk headquarter stations m the three 
malnad distnets ot Kadur, Hassm and Shimoua, the penod consideied being 40 vears (1893- 
1932). The a\ eia^e aimu.il idinfoll of the* State is 38 17 ini hos The iainfall senes are subjected 
to poh nomial titlim* up to 5th decree in time and it is observed that secular vanations are general- 
ly absent except in Ivadur district where there is a sinmhcant upward trend Coirelation eoelhci- 
ents between the lainfall of ea« h of the distnets alter the removal ot secular ( hanges from the data 
are examined. Tliev show that the whole State can be di\ ided into two homogeneous groups, the 
malnad and non-malnad tiacts. 


1. Introduction. 

Annual rainfall with its seasonal distribution is one of the important meteorolo- 
gical factors determining crop yield. A statistical analysis of the annual ramfall in 
Mysore state and its districts has been attempted in the present paper with a view 
to study the variability, the secular trends if any and rainfall correlations in the 
different districts. On the basis of these correlations the state is grouped into homo- 
geneous regions with respect to rainfall. 

The annual rainfall data arc available from the year 1893 m the “ Reports on 
rainfall registration in Mysore” ( l ), published annually by the Mysore Meteorological 
Department. Mr. Cook's Memoir on the “ Meteorology in Mysore for 1893-94 ”( 2 ) 
contains some useful information regarding the rainfall of the State previous to 
1893, i.c., from 1875. 

The state (see Fig. 1) consists of 8 districts, Bangalore, Kolar, Tumkur, Mysore, 
Hassan, Shimoga, Kadur and Chitaldrug. Each district is divided into taluks and 
there has been at least one rain-gauge m each taluk since 1893. The number of 

* This study was taken up by the author (now Meteorological Observer, Government Coffee 
Experimental Station, Balehonnur, Mysore State), while he was under training in Agricultural 
Meteorology at Poona. 
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rain-gauge stations has been increasing continuously in the State. For purposes of 
statistical analysis, the rainfall of only A. Class stations, i.e., of taluk headquarters, 
which have been in existence since 1893, has been considered. This ensures homo- 
geneity of the data*, so that any trend shown by the data would not be due to the 
effect of averaging from a variable number of stations. 

Table A gives the number of A. Class raingauge stations in each district with 
the area of each district m square miles. 

Table A. 


District. 

No. of “ A ” Class 
stations. 

Area of district 
in square miles. 

Bangalore 

10 

3,068 

Kolar 

11 

3,164 

Tumkur 

10 

4,061 

Mysore 

13 

6,488 

Hassan 

8 

2,665 

Shimoga 

9 

4,030 

Kadur 

7 

2,788 




Chitaldrug 

9 

4,159 

Mysore State 

77 

29,423 


In all taluks except Bangalore, Mysore, Hassan and Shimoga there has been one 
raingauge since 1893. In Bangalore taluk there have been four, in Hassan taluk 3, 
in Mysore taluk 2, and in Shimoga taluk 2 ramgauges since 1893. In each of these 
four cases the average of the gauges in use has been considered. 

2 . Distribution of rainfall. 

Table 1 gives the annual rainfall during the 40 years under consideration in this 
paper and Table 2 gives the mean annual rainfall (M), the standard deviation (s) 
and the coefficient of variability (V) for the state as a whole and for each of the 
8 districts. 

* The annual rainfall figures from the year 1917 are different from those found in Table V 
of the rainfall registration reports for Shimoga district and Mv sore State The following footnote 
appears m the report for 1917, the figures given for Nagar aie those recorded by the rain-gauge 
at Kallurkatte which is the headquarters of the Nagar taluk The figures given in previous repoi ts 
are those recorded at Nagar itself ” As the rainfall at Kallurkatte is on the average less than 
that at Nagar, an error would be introduced into the calculations made in this paper by the use of 
the averages for the state and for Shimoga district published by the Meteorological Department. 
On this account fresh averages from 1917 onwards have been calculated for Shimoga district and 
for the State, utilising the rainfall figures from Nagar town to avoid non-homogeneity of the data. 
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Mysore State receives rainfall from both the south-west and the north-east 
monsoons. Rain associated with thunderstorms usually falls in April and May. 
The south-west monsoon sets in about the latter part of first week or the beginning 
of the second week of June and continues till about the end of September. The 
western portion of the state comprising mostly the malnad districts of Shimoga, 
Kadur and Hassan receives much ram until the end of September when the retreat 
of the south-west monsoon begins. The north-east monsoon sets in after the retreat 
of the south-west monsoon ; the three malnad districts do not, however, receive as 
much rain during this season as the rest of the state. 

The mean annual rainfall of the state is 38* 17 inches. The annual rainfall was 
highest (51* 12") in 1903 and lowest (27*51") in 1899. Kadur district has the highest 
mean annual rainfall of 72 inches and Shimoga district has 71 inches. Chitaldrug 
district receives the least mean amiual rainfall of 23 inches. Some portions of this 
district receive on an average less than 16 inches of ram. The three districts of 
Hassan, Shimoga and Kadur, through the western taluks of which the western ghats 
run, receive more than 40 inches. Some places near the ghats receive very heavy 
rainfalls (see Fig. ./), the note-worthy places being Byrapur estate (299") and Kottge- 
har toll-gate (204") m Mudigere taluk, Aralgode (211") m Sagar taluk and Maranahally 
toll-gate (208") in Manjarabad taluk. It is interesting to note that Agumbi and 
Hulikal m Shimoga district lying on the very edge of the ghats receive on the average 
327" and 353" of rainfall per year respectively. The mean annual rainfalls for the 
district and taluk headquarters are entered m Fig. 1. 

3. Variability ol rainfall. 

The standard deviation (s) of rainfall for the state as a whole and for the eight 
districts gives an idea of the distribution of ram about its mean value (M). For 
purposes of comparison of this variation, from place to place, the coefficient of varia- 
bility (V) obtained from is also given in Table 2. The variability of rainfall 

in the state and in the different districts varies from 16% in Hassan district to 25% 
m Tumkur district. It can be seen that V varies from 20% to 25% in the case of 
non-malnad districts and from 16% to 19% in the three malnad districts of Hassan, 
Kadur and Shimoga. Thus the districts of heavy rainfall have on an average le 3 s 
variability than districts of light rainfall. 

4. Secular changes. 

The annual rainfall for the state and for each of the districts has been examined 
for secular changes. Then the rainfall of each of the individual A class stations io 
the three districts of Shimoga, Kadur and Hassan has been examined for similar 
secular variations. The curves plotted in Fig. 2 appear to indicate secular trends in 
Kadur, Hassan and Bangalore. To examine whether these trends in the state and the 
district annual rainfall are real, the forty years’ rainfall data have been subjected to a 
statistical analysis by fitting polynomials of the fifth degree in time by the method 
developed by Fisher ( 4 ). Fisher’s notation is used in this paper. 

The values of the six distribution constants are given in Table 3 . 

In Table 4 are given the values ofx' 2 , x' 3 . . . . x' a , which represent the 
secular changes, the significance of which can be tested by the standard error. The 
value of x' to be significant should be at least twice as much as the standard residue. 

It may be seen from Table 4 that Bangalore district in general shows a downward 
trend while the two districts of Kadur and Hassan show a general upward trend as 
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judged by the values x',. The trend in the case of Kadur alone is significant. The 
values of x' 4 and x' 6 are fairly high for some districts but not significant when 
compared with their standard errors The state considered as a whole does not show 
any trend m the annual rainfall. 

A detailed investigation of rainfall in each of the seven “ A ” class stations m 
Kadur district, as well as m Shimoga and Hassan districts was undertaken in order 
to locate the exact regions in the tnalnad portion of the state where trends are pre- 
sent. Thc.-e thioe disturb, with the exception of tlieir eastern portions are very 
mountainous and are fully covered with forests. 

Tables .1, (i and 7 give the annual rainfall during the 40 years under consideration 
in this paper for each of the V ” Class stations in Kadur, Shimoga and Hassan 
districts respectively Table H gives the mean annual rainfall (M), standard devia- 
tion (s). the coefficient of variability (V), the value of x' a indicating the straight 
hne effect and the standard residue. Out of the seven sub-stations in Kadur 
district, Srmgeri and Narasimharajapura indicate in general an upward trend, of 
which the lattei alone is significant. In Shimoga district , Sugar and Nagar indicate 
m general upward trends which are not significant, whereas the downward trend for 
Shimoga taluk inuj he considered to he significant In Hassan district, the upward 
trends indicated by Manjarabad. Arkalgud and Ohunnaravnpalna are not signi- 
ficant. A similar analysis for each oi the taluk headquarter stations in the other five 
districts is nearing completion and an attempt, will be made m arotlu r paper to see to 
what extent the vanations in the area of reserve forests and the growth of trees in 
the reserve forests influence* these trends m rainfall. 

5. Polynomial Values. 

For construe ting the graphs and examining the deviations, the polynomial 
values have been calculated for the state and for each of the eight districts.’ These 
polynomial values are given in Table 0, and are plotted in Fuj. 2 (dotted lines). 

6. Inter-district correlations. 

In order to group the districts into homogenous zones with respect to rainfall, 
their mtercorrelation coefficients are worked out. First of all, tl c correlation coeffi- 
cients between the rainfall of each of the districts, without considering secular 
changes, are determined. These are given in Table 10 In view of the fact that cer- 
tain districts showed some indications of progresssive changes, the coefficients 
after thp removal of such changes are determined. These fresli correlation coeffici- 
ents given in Table 11 are used for grouping the districts into homogenous zones 
According to Fisher ( 4 ) the numerically highest random correlation coefficient for 
35 degrees of freedom and for 5% and 1% level of significance are 0-32 and 0-42 
respectively. Out of 28, 19 coefficients are above the 1% level of significance. 

Applying the tables extending Walker's Criteria given by Savur and Gopal Rao (*) 
the 5% chance highest value of a correlation coefficient m a group of 28 coefficients 
m 0 • 47. Even when such a rigorous test as this is applied, all the 1 9 coefficients out 
of the 28 are greater than 0-47. Out of these 19, only one coefficient, i.e., that be- 
tween Tumkur and Shimoga, is negative and the rest arc positive. 

The conclusions that can be drawn from Table 11, are : 

1. The districts, Bangalore, Kolar, Tumkur, Mysore and Chitaldrug are highly 
inter-correlated. 3 

2 The districts of Shimoga and Kadur are also highly correlated with each other. 
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3. Hassan district occupies an intermediate position having high correlations 
with all districts. 

4 Shimoga district is negatively correlated with Bangalore, Kolar, Tumkur 
and Chitaldrug of which that with Tumkur alone is significant. On the other hand, 
it is positively correlated with Hassan, Kadur and Mysore of which that with Mysore 
alone is not significant. 

Thus the whole state may be broadly divided into two groups, the malnad 
districts and the non-malnad districts. The former comprises Kadur and Shimoga 
and the latter Bangalore, Kolar, Tumkur, Mysore and Chitaldrug. Hassan district 
occupies an intermediate position between these two groups. This grouping maybe 
helpful for purpose's of forecasting ram-fall m the state. 

In conclusion, I wish to express my thanks to the Director General of Observa- 
tories, India Meteorological Department, foi having permitted me to 
work m the Agricultural Meteorology section of the Meteorological Office, Poona. 
The Mysore data were chosen for study at the suggestion ol Mi. S. L. Malurkar and 
I am thankful to Dr. Kamdas and Dr Kalamkur for their valuable help m carrying 
out the above investigation. I am thankful also to the Du°ctor of Agriculture, 
Mysore State, Bangalore, for the facilities given to me in his office to continue this 
investigation after my training. 
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Table (1). — Mean Annual (January— December) rainfall in inches for Mysore State 

and for each of its districts. 


Banga- Kolar. Tumkur. Mysore. Hassan. Shi- Kadur. Chital- 
lore. moga drug. 


L915 

32-59 

1910 

39-85 

1917 

30-59 

918 

23 S4 

1919 

30 02 

L920 

23 88 

1921 

30 10 

1922 

31-06 

1923 

21-00 

L92t 

28 20 

1925 

20 32 

1920 

27-72 

1927 

21-80 

1928 

29 73 

1929 

30-10 
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Table (2). — Mean Standard Deviation and the Coefficient of Variability of mean annual 

rainfall of the State and its districts . 


Districts. 

Banga- 

lore. 

Kolar. 

Tuxnkur 



Shimoga. 

Kadur. 

Chital- 

drug. 

State. 

Mean (M) in 
inches. 

31-73 

28-67 

26-71 

28-05 

41-16 

70-69 

71-87 

23-02 

38-17 

Standard Devi- 
ation (sV. 

8-67 

6-78 

6-60 

5-80 

6-62 

13-18 

13-29 

5-39 

5-44 

Coefficient of 
Variability 
in%(V). 

21-02 

23-65 

24-71 

20-34 

16-02 

18 64 

18-49 

23-40 

14-25 


Table (3). — Distribution constants for the State and for each of the districts for mean 

annual rainfall . 


Constants. 

a'. 

V. 

o'. 

d'. 

e'. 


Bangalore 

31-7350 

—1-1274 

+0 0714 

+ 0 1811 

+0-0471 

—0-0382 

Kolar 

28 6725 

—0 1742 

+0-1786 


+0-1667 


Tumkur 

26-7075 

—0 3225 

EMU 


EHl 

+0-1719 

Mysore 

28-9476 

—0 2253 

+0 0549 


+0 3748 

+0 1261 

Hassan 

41-1550 

+ 1-0527 

+0 3197 




Shimoga 


+ 1-0701 

+0 3245 

+ 0 6541 



Kadur 


+2-8048 

— 0-3112 


+0 1060 

+0 1360 

Chitaldrug 

23-0225 

+0-2585 

+0-2641 



+0 2165 

State 

38-1705 

+0-3486 

+0-0935 

+ 0-3316 

+0-4041 

+0-0871 


Table (4). — Values of x' a x' s x' 0 and the Standard Residue ftr the State and 

for each of the districts . 


— 

x-r 

x 'a- 

X'4- 


xV 

Standard 

Residue. 

Bangalore 

-12-67 

+ 1 09 

+3 52 

+11-49 

— 1-18 

6-49 

Kolar 

-1-95 

+2 72 

+7 28 


+2 34 

7-17 

Tumkur 

—3 62 

+2 87 

+2 81 


+ 5-25 

6-75 

Mysore 

—2 53 

+0 84 

+4 13 

+9-14 

+3 85 

6-01 

Hassan 

+ 11-83 

—4 87 

+ 12 36 


+4 59 

6-27 

Shimoga 

+ 12 02 

+4 96 

+ 12 71 

—0 65 

+ 16-48 

13-48 

Kadur 

+31 50 

—4 74 


+2 58 

+4-18 

13-01 

Chitaldrug 

+2-90 

+4-03 


+ 10-43 

+6 62 

5-25 

Mysore State 

+3*92 

+ 1 42 

+6-45 

+9-85 

+2-66 

5-40 
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Ta^le (5 ). — Annual Rainfall (January— December) at each of the Taluk Headquarters 

in Kadur District. 


Year. 

Chickma- 

Kadur. 

Tankere. 

Koppa. 

Mudgere. 

Narasim- 

Sringeri. 


galur. 





harajapura. 
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Table (ft).— Annual Rainfall (January— December) at each of the taluk headquarters 

in Shimoga District. 



Thir- | 
thaUy. Kumsi. 




210 10 

116 

47 

153 55 

84 

SI 


320 

03 

176 

16 

262 

76 

157 

40 

25] 

23 

135 

21 

224 

60 

118 

28 

199 

41 

109 

63 


223 99 
172 65 
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Table (7). — Annual Rainfall (January — December) at each of the taluk headquarters 

in Hassan District. 
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Table (8). Statistical constants for Annual rainfall for each of the taluk stations in 
Shimoga, Kadur and Hassan Districts. 


Taluk Stations. 

No. of 
years 

considered. 

Mean 
Annual 
rainfall 
in inches. 
(M) 

Standard 

deviation 

(8) 

Co-effi- 
cient of 
vanabilitv 

(V) * 

*'«• 

Standard 

Residue. 

Sum on* District — ;9). 








(1) Shimoga (Hospital) 


40 

33 54 

6-51 

19 41 

— 12-07 

6-29 

(2) Channagin 

• 

40 

29 53 

6 20 

21 00 

+ 6-03 

6 21 

(3) Ilnnnali 


40 

23 51 

3 70 

24 25 

+ 3-53 

5 74 

(4) Shikanpur 

- 

40 

35 75 

8 19 

22 91 

+ 2 82 

8-28 

(5) Sorab 


40 

61 74 

12 23 

20 00 

— 3-07 

12-41 

(6) Sagar 

• 

40 

00 

00 

18 81 

22 71 

+ 11-94 

19-00 

(7) Nagar 


40 

208 67 

51 24 

24 5> 

+71-2 

50-50 

(8 ) Thirthally 


40 

120 89 

23 89 

19 76 

+ 42-6 

23-20 

(9) Kumsi 

• 

40 

40 75 

7 33 

17 99 

+ 1 75 

7-44 

K *ditr District — (7) 








(1) Chickmagalur 


40 

35 60 

6 96 

11 10 

- 4 94 

7-08 

(2) Kadur 


40 

23 50 

7 15 

30 42 

+ 7 14 

7-16 ' 

(3) Tankere 


40 

36 10 

6 59 

18 23 

+ 4 59 

6-70 

(4) Koppa 


40 

117 15 

23 93 

20 43 

—11 31 

24-16 

(5) Wudgcre 


40 

95 13 

20 11 

21 14 

—15 52 

20-2 

(G) Xurasimharajapura 

-- 

40 

71 56 

15 67 

21-89 

+37-50 

14-67 

(7) Sringcn 


30 

1 

117 73 

29 22 

19-78 

+30 2 

29-20 

District — (8) 








ll ) Hassan (Observatory) 


36 

33 54 

6 99 

19-67 

+2 13 

7-09 

(2) Manjarabad 


40 

94 52 

20 87 

22 08 

! +37 50 

20-21 

(3) Arkilgud 


40 

37 77 

8 42 

22 IS 

1 

+ 12 69 

8-28 

(4) Belur 


40 

40 31 

6 48 

16 08 

— 1 68 

6 57 

(5) Cliinnarayapatna 

•• 

40 

28 03 

7-52 

26 82 

+ 10-21 

7-45 

(6) Arsikere 


40 

26* 81 

5 61 

20-93 

+ 6-43 

5*59 

(7) Hole-Narasipur 

•• 

40 

27-86 

5-12 

18-37 

+ M 

5-19 

(8) Alur 


40 

36-75 

14-71 

40-03 

i 

+ 8-51 

14 77 
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Taslb ( 9 ).— Polynomial values for the mean Annual Rainfall (January— December^ 
for the State and for each of the Districts. 


Yew. 

Banga- 

lore. 

1 

Kolar. 

rumkur. 

My soi e. 

Hassan. 

Shimo- 

ga. 

Kadur. 

Chital- 

druit. 

State. 

■ 


28 1 

29 2 


■ 

68-3 

57-8 

23-6 

37*9 


wPYm 

29 0 


KxBB 

64 3 

60-2 

23 7 

37 5 

34-7 

29 0 

28 6 

29-8 

38-2 

68-5 

62-2 

23-6 

37'2 

1890 

1897 

33 5 

29 3 

28-2 

29-5 

38-9 

71-1 

63 8 

23-3 

36-9 

32 7 

29 4 

27*7 

29-1 

39 5 

72-5 

65-0 

22 9 

36-7 

1808 

32 2 

29 5 

27-2 

28 9 

39 8 

73 1 

66 1 

22 6 

36-6 

1899 

32 0 

29 5 

26 8 

28-7 

40 1 

73 0 

66 9 

22 2 

36-7 

1900 


29 5 

26 6 

28-6 

40-3 

KH 

67-6 

21-9 

36-8 

1001 

32 1 

29-5 

26 2 

28-5 

40 4 

71-8 

68-2 

21 6 

360 

1902 

32-4 

29-5 

26-1 

28 5 

40 5 

70 9 

68-8 

21 5 

37-1 

1902 

32 7 

29 5 


28 6 

40 6 

70-1 

69 3 

21-4 

37-4 

1904 

33-0 

29 4 


28 8 

40 7 

69 3 

69 7 

21 5 

37-7 

1005 

33 4 

29 4 

26 1 

u 

40 8 

68 7 

70 2 

21-7 

38 1 

1906 

33 7 

29 4 

26 3 

29-2 

40 9 

68 2 

70 0 

21-9 

38-4 

1907 

33 9 

29 3 

26 6 

29 4 

41 0 

68 0 

71 0 

22 2 

38-7 

1908 

34 1 

29 3 

26 8 


41-1 

67 9 

71 4 

22 6 

39 0 

1909 

34 1 

29 3 

27 1 

29 9 

41 2 

68 1 

71 9 

23 0 

39 3 

1910 

34 1 

29 2 

27 4 

30 1 

41 3 

68 4 

72-3 

23 4 

39-5 

1011 

340 

29 1 

27 6 

30-3 

41 3 

68 9 

72-6 

23 7 

39 6 

1912 

33 7 

29 0 

27 8 

30-4 

41 4 

69 4 

73 0 

24 0 

39-7 

1913 

33 4 

28* S 

27 9 

30 4 

41 4 

70-0 

73 3 

24 3 

39 7 

1914 

33 0 

28 7 

28 0 

30-4 

41 3 

70 6 

73-6 

24 4 

39-6 

1915 

32 4 

28-5 

27 9 

31! 2 

41 2 

71- 1 

73 9 

24 5 

39 4 

1916 

31 9 

28-2 

27 8 


41 1 

71 r > 

74 1 

24 4 

ps 

1917 

31 2 

2K 0 

27 5 

29 6 

40-9 

71 8 

74-2 

24- 2 

Eftl 

1918 

30 5 

27 7 

27 1 

29-2 

40-7 

72-0 

74 3 

23 9 

BH 

1919 

29 8 

27-4 

26 6 

28 7 

40 4 

71-9 

74 3 

23 4 

37-0 

1920 

29- 1 

27-1 

26 1 

28-2 

40 2 

71-7 

74-4 

22-9 

37-4 

1921 

28 5 


25 \ 

27-6 

39 9 

71-4 

74 4 

22 3 

36 9 

1922 

27 9 


24-8 

27 0 

39 7 

70 9 

74 4 

21-7 

36*4 

1923 

27-4 

26-4 

24 2 

26 5 

39 6 

70 3 

74 5 

21-1 

36 0 

1924 

27- 1 

26 3 

23 7 

26 0 

39 7 

69 8 

74-6 

20-5 

35-8 

1925 

26 9 

26 3 

23-3 

25 7 

39-9 

69 4 

74-8 

20-2 

35-7 

1926 

27-0 

26-5 

23-1 

25-6 

40-4 

69-2 

75 1 

20-1 

35-9 

1927 

27-3 

ESI 

23-3 

25-8 

41-2 

69-5 

75-7 

20 5 

36-4 

1928 

27-8 


23-8 

26-4 

mmm 

70-4 

76-6 

21-3 

37-2 

1929 

28 7 

28-5 

25-0 

27 5 

44-3 

72-2 

rm mm 

22-7 

38-6 

1930 

30*0 

1 29-9 

26-8 

29-1 

46-8 

75-1 

79-5 

25-0 

40-5 

1931 

31-7 

31-7 

29-4 

31-5 

50-1 

70-5 

81-8 

28-3 

43-2 

1982 

33-8 

34-0 

33- 1: 

34-8 

54' 3 

85-8 

84*7 

32-8 

46-6 
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Table (10). — Correlation Co-efficients between each of the Districts in the Mean Annual 
rainfall before the removal of secular changes . 


District. 

Bangalore. 

Kolar. 

Tumkur. 

Mysore. 

Haasan. 

Shimoga. 

Kadur. 

Kolar. . 

+ 0 87 

•• 

•• 

•• 

• • 


• • 

Tumkur 

+0-87 

+0 89 






Mysore 

+0-82 

+0-79 

+ 0-79 

•• 

• • 

- 

• a 

Haasan 

+0-48 

4-0-55 

4-0*46 

4-0*62 

• • 

• • 

• • 

Shimoga 

—0-08 

+ 0-01 

— 0*60 

4-0*04 

4-0*61 

•• 

• • 

Kadur 

+0-04 

+ 0-09 

— 0*004 

4-0*18 

4-0*72 

4-0*84 : 

• • 

Chitaldrug 

+0-77 

4-0* 83 

4-0*92 

! 

4-0*73 

4-0*68 

4-0*01 

4-0*16 


Table ( 11 ).- Correlation Co-efficients between each of the districts in the Mean Annual 
rainfall after the remoial of secular changes . 


District. 

Bangalore. 

Kolar. 

Tumkur. 

Mysore. 

Hassan. 

Shimoga. 

Kadur. 

Kolar. . 

4-0*91 







Tumkur 

4-0*89 

+0-90 

. • 

• • 

*. 

•• 

• • 

Mysore 

4-0*84 

4-0*80 

4-077 

•• 

•• 

•• 

• • 

Hassan 

4-0*63 

4-0*68 

4-0*60 

4-0*00 

•• 

•• 

• a 

Shimoga 

—0*06 

— 0*02 

—0*04 

4-0*01 

4*0*01 

•• 

a a 

Kadur 

4-0*17 

4-0*09 

4*0*01 

4-0*21 

4-0*70 

4-0*87 

• a 

Chitaldrug 

4-0*86 

i 

4-0*86 

+0*93 

4-0*71 

+0*68 

—0*08 

j 

+0*11 







FIG. 1. MAP OF MYSORE STATE SHOWING AVERAGE 
ANNUAL RAINFALL 




ANNUAL RAINFALL IN INCHES 



FIG. 2. ANNUAL RAINFALL FOR THE 
EIGHT DISTRICTS AND THE MYSORE STATE 
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A STUDY OF CORRELATION COEFFICIENTS OF MEAN MAXIMUM 
TEMPERATURES BETWEEN SUCCESSIVE MONTHS AT A FEW 
SELECTED STATIONS IN INDIA * 

BY 

R. J. Kalamkar, B.Sc., B.Ag., Ph.D. (London). 

(Received on 30th October 1933.) 

Abstract — The analysis indicates that stations with high inter-monthly correlations, group 
themselves in an interesting manner and that the centres of high correlation show a definite 
movement with the march of the seasons The centre of high coirelation is strong and lies over 
South India during winter , it is feeble and is routrhly over Hind and adjoining areas m North- 
west India during the Southwest monsoon Over the rest of the country the correlations increase 
slightly during clear weather and decrease during the wet months The movement of the centre 
of high correlation appears to be associated with the movement of the sub-tropical belt of high 
pressure which exists m the upper levels between 2 Kins, and 4 Kins. 

1 . Introduction. — In an earlier investigation ( x ) the author had worked out 
correlation coefficients of the mean monthly maximum temperatures between suc- 
cessive months at Poona and had observed that the autumn and winter months at 
Poona are significantly correlated with each other. 

This investigation is extended in the present paper to a few selected stations in 
India to discover the relation, if any, between the periods of high inter-monthly cor- 
relation coefficients of mean monthly maximum temperatures and the seasonal 
changes in weather. Further, such an analysis is likely to indicate the period for 
which there is a possibility of forecasting temperatures over a shorter period of time, 
say, a week or 5 days, from the knowledge of the temperatures prevailing in weeks 
preceding. 

2. The maximum temperature data and their inter-correlations. — The 19 

stations in India selected for this study are shown in Table I. The data of the 
maximum temperatures for the selected stations extend over a variable period of 
39 to 57 years. The number of years available for each of the stations is given against 
them in Table /, where the average maximum temperatures for the different months 
and their standard deviations and coefficient of variability are also given. 
Appropriate corrections were applied to the mean maximum temperature in the 
case of stations where changes in the site or method of exposure of the thermometer 
had taken place. 

* The present investigation was made in the Agricultural Meteorology Branch (India Meteorolo- 
gical Department) financed by the Imperial Council of Agricultural Research. 
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Table I. 

Mali mu in Temperatures. °F. 


Station. 

Years. 


i 

•s 

Ur : 1 

1 « 1 -» 

! — 

a« 

< 

JS 

j June 

1 

— * 

lL. 

Mi , c. w 

4 i >: , £ 

> 

sS 

Dec 

Lahore 

54 

si 

E& J 

67 2 

3 3 

1 9 

79 5 

1 1 

5 8 

78 2 

4 4 

5 6 

! 82 s 

5 .* 

•JR 9 

3 7 

3 9 

193 8 

4 3 

4 1 

196 2 

2 6 

2 4 

09 5 96 4 

3 5 , 3 5 

3 5 | 3 6 

96 8 j 93 3 

3 1 j 2 4 

3 2 1 2 6 

81 9 
2 4 
2 9 

71 5 

2 7 

3 8 

Jacobabad 

53 

S D 
C V 

72 9 

3 3 

1 5 

91 9 

4 3 

1 7 

192 5 

3 3 

3 2 

111 6 

3 6 

3 2 

113 4 

2 4 

2 1 

198 3 i 104 9 

2 6 | 2 8 

2 4 ' 2 7 

1193 A 

1 2 1 
i « 

1 98 3 

2 9 

3 9 

93 6 

3 7 

3 9 

1 98 <) 

1 9 

1 W 

87 3 

2 5 

2 8 

1 

75 9 

2 6 

3 4 

Bikaner 

49 

y 

71 8 

3 2 

4 5 

76 7 

1 3 

5 6 

89 1 

3 9 

4 4 

99 9 

3 9 

3 9 

197 2 

3 3 

3 1 

197 3 

2 2 

2 9 

191 5 

2 8 

2 8 

97 8 

2 6 

2 7 

92 9 

A 7 

4 1 

80 1 

1 4 

1 5 

96 1 

2 2 

2 3 

85 8 

2 1 

2 5 

84 3 

2 3 

2 7 

75 1 

2 4 

3 2 

Agra 


Eh 

72 9 

2 9 

3 9 

77 7 

3 5 

4 5 

89 9 

3 7 

4 1 

100 9 

3 5 

3 4 

196 6 

3 1 

2 9 

194 9 

3 1 

2 9 

95 1 

3 9 

4 1 

93 2 

3 1 

3 3 

75 2 

2 1 

2 7 

Patna 

55 

S D 

0 V 

72 8 

2 1 

2 9 

77 7 

2 6 

3 4 

89 9 

3 1 

3 5 

99 9 

3 9 

3 1 

UK) 2 

2 9 

2 9 

96 4 

3 7 
39 

90 5 

1 8 

2 1 

«'» 7 

! 8 

1 1 

88 5 

2 1 
23 

81 7 

1 7 

2 1 

74 4 

1 5 

2 1 

Dhubri 

48 

s 1 ) 

0 V. 

73 6 

1 6 

2 1 

77 7 

2 1 

2 7 

86 1 

2 9 

3 4 

87 6 

3 1 

3 3 

85 9 

1 <1 

2 3 

85 0 

1 6 

1 8 

86 9 

1 4 

1 6 

86 1 

1 2 

1 4 

85 5 

1 r » 

1 7 

84 5 

1 5 

1 8 

79 b 

1 4 

1 8 

74 3 
l 2 

1 6 

Karachi 


m 

75 6 

2 3 

3 1 

77 3 
2*7 

3 5 

82 9 

2 2 

2 7 

86 9 

2 I 

1 

89 3 

1 6 

1 8 

90 8 i 88 7 
If 17 

16 19 

8 > 1 

1 6 
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1 6 
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17 119 
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84 5 
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87 7 

3 1 

96 6 
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3 0 

194 4 

1 8 1 
1 7 

197 3 

2 1 

1 9 

191 8 

3 2 I 
3 1 

93 1 

3 6 

3 9 

89 9 

2 7 

3 9 

93 5 

3 9 

* L 

97 9 

3 9 

3 1 

93 4 | 86 2 

2 5 | 19 

27 ! 22 


98 3 | 86 5 

4 2 1 2 6 

4 3 1 2 9 

84 5 

1 9 

2 2 

88 9 

1 1 

1 2 

i i 

Wm 

fg 

m 

Ipgl 

77 « 

2 3 

3 0 

Si 6 

2 7 

3 4 

92 1 '199 8 '195 3 1 
3 9 j 2 6 1 2 7' 

3 1)2 6 2 5 1 

87 l 
l 8 

_ 2 _'_ 

88 5 

1 l 

1 3 

87 1 

2 5 

2 9 1 

j 

81 8 

2 4 

3 0 

77 1 

1 8 

2 4 

77 2 

1 2 

1 6 

Cak utta 

s 


77 7 

1 9 

2 4 

82 5 

2 3 

2 8 

91 5 | 95 7 | 94 9 | 91 7 ■ SS 6 

2 9 2 1 1 1 9 i 2 5 1 19 

3 2 | 2 3 | 2 9 2 7 1 11 

87 6 

1 4 

1 6 

82 3 

1 5 

1 8 

88 9 

2 7 

3 1 

| 



86 2 

2 3 

2 7 

99 6 | 99 1 

2 5 i 2 5 

2 7 | 2 5 

195 8 
o ) 

2 T 

198 2 

1 9 

1 8 

99 3 

a 7 j 
3 7 I 

89 4 

2 9 

2 2 

87 4 

2 1 

2 4 

89 6 

2 7 

3 9 

92 5 

3 2 

3 5 

84 5 

2 5 

3 9 

Sambalpore 

55 

8 D. 
C.V. 

81 7 

2 1 

2 6 

86 5 

2 6 

3 9 

95 9 

3 3 

3 5 

193 2 

3 1 

3 9 

I 

97 9 

4 7 

4 8 

87 r > 

2 l 

2 3 

86 7 

1 5 

1 7 

88 8 

1 5 

1 7 

88 8 83 7 

1 6 | 17 

18 2 1 

79 8 

1 7 

2 2 

Bombay 

55 


83 1 

1 7 

2 1 

83 1 

1 4 

1 7 

86 2 

1 4 

1 6 

89 0 

1 3 

1 4 

91 1 

1 4 

1 6 

88 4 
l 5 
1-7 

84 9 
l) 9 

1 1 

84 4 

0 9 

1 1 

85 1 

1 2 

1 4 

88 1 

1 5 

1 7 

89 2 

2 8 

3 2 

87 7 

1 7 

2 9 

85 0 

1 4 

1 6 

Poona 

52 

Hi 

86 4 

1 7 

2 0 

99 6 

1 8 

2 0 

<17 3 

1 9 

1 9 

191 2 

2 1 

2 1 

99 S 

1 S 

1 8 

99 0 

2 7 

3 9 

82 6 

1 7 

2 1 

87 6 

1 9 

2 2 

1 81 8 

1 5 

1 8 

84 6 

1 9 

2 2 

86 7 

1 8 

2, | 

84 8 

1 9 

2 3 
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Ha 

84 3 

2 2 

2 6 

89 7 

2 1 

2 3 

96*9 

2 5 

2 6 

191 4 

2 4 

2 4 

193 6 

2 7 

2 6 

93 3 

A 9 

3 1 

86 3 

2 0 

2 3 
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84 2 

2 6 

3 1 

82 4 

2 0 

2 5 
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44 

S.D 
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89 1 

1 1 

1 3 

88 6 

1 2 

1 3 

90 1 

9 9 

1 9 

91 7 

1 1 

1 2 

99 9 

1 3 

1 5 

85 4 

1 9 

1 2 

83 7 

1 1 

1 3 

83 5 

1 0 

1 2 

84 1 

0 9 

1 1 

86 3 

1 3 

1 5 

88 6 

1 5 

1 7 

89 4 

1 1 

1 3 
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S D. 
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81 4 

2 0 

2 4 

86 4 

1 6 

1 8 

91 4 

1 5 

1 6 

93 7 

1 6 

1 7 

92 9 

2 2 

2 4 

85 2 

1 7 

2 0 
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1 8 
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82 2 

1 5 

1 8 

82 5 
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1 9 
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1 2 
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86 7 

1 0 

1 1 

89 8 

0 9 

1 0 

93 2 

1 0 

1 1 

98 6 

2 2 

2 2 
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2 4 

2 3 

96 1 

2 1 

2 2 

94 3 
21 

2 2 

93 1 
1-7 
1-9 


85 1 
1-5 

1 8 

83-3 

1-1 

1-4 

Trivandrum 

43 

sib. 

C.V. 

84*0 

0- 9 

1- 1 

85*6 

0- 9 

1- 1 

87 6 
1-0 
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88 0 
1-2 
1-4 

86 6 
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1-5 

m 

B 
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0- 9 

1- 1 

82-4 

1-0 

1-3 

83-0 

1-0 

1-2 

HI 


83-3 

0-8 
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The table brings out in an interesting manner the march of the maximum tem- 
peratures at each station from month to month. While the difference between the 
highest and the lowest maximum temperature for Agra, Bikaner, Lahore and 
Jacobabad varies from 34° to 40°F, that for the three coastal stations Bombay, 
Mangalore and Trivandrum varies from 6° to 8°F, for the other coastal stations 
Madras, Karachi and Calcutta it vanes from 14° to 18° F and for other inland 
stations the range is from 19° to 28°F. 

The lowest maximum temperatures generally occur in December and January 
while the highest are recorded in the months of April, May or June. It is interesting 
to note that in the case of Poona, Mangalore and Trivandrum, however, the lowest 
mean maximum temperature of the year occurs in July or August. Most of the 
stations show a secondary maximum m September or October. The coefficient of 
variability varies from *9 to 5* 6 per cent. The coefficient of variability for most of 
the inland stations is higher for the months of June and October which are character- 
ised by the setting in of the monsoon and its withdrawal respectively. Jacobabad, 
Bikaner and Agra, how r ever, show the highest coefficient of variability in the month 
of February. 

A preliminary analysis of average maximum temperatures for different months 
over a senes of years at vanous stations did not indicate any apparent secular trends 
In the ease of Poona the maximum temperatures for the months of January and 
February had actually been subjected to a statistical analysis by fitting a polynomial 
of the fifth degree to investigate the trend if any. The analysis indicated the absence 
of any secular trend. 

Correlation coefficients of maximum temperatures between successive months 
for each of the nineteen stations have been worked out m the usual manner and are 
given m Tabic II. The values of the correlation coefficients for the 5 and 1 per cent 
levels of significance ( 2 ) for 38 degrees of freedom are ■ 31 and • 40, and for 50 degrees 
of freedom -27 and -35 respectively. Using Walker’s criterion as extended by 
Sa\ur and GopalRao (**),tlie 5% chance highest values of a correlation coefficient 
oceuriing in a group of 12 correlations for 39 and 57 years are • 55 and • 37 respec- 
tively. 

It is interesting to note that significant correlations for the stations arc noticeable 
duimg definite periods of the year. The actual values of the correlation coefficients 
of maximum temperatuies between successive months are plotted in Fujures 1 to 1:1 
where lines of equal correlation coefficients aie also drawn These figures show that 
the stations with high inter-monthly correlations group themselves m an interesting 
manner and that the centres of high correlation show a definite movement with the. 
march of the seasons. 



18 Jt. J. BALAMKAR, B.SQ., B.Ag.j Ph.D. 

Table II. 


Maximum Temperature Correlations between successive months . 


Station. 

| 

i 

Feb. -March. 

March -ApnL 

1 

I 

May- June. 

% 

i 

1 

i 

Aug. -Sept. 

U 

0 

1 

Oct. -Nov. 

| Nov.-Dee. 

Dec. -Jan. (next). 

Lahore 

•44 

•26 

•16 

•12 

—09 

28 

•30 

22 

•55 

41 

•34 

•39 

Jacobabad 

•30 

•18 

•40 

•45 

24 

43 

•50 

70 

63 

•59 

•40 

•32 

Bikaner . . 

•37 

•44 

•45 

•82 

•16 

•47 

•46 


•68 

•44 


•44 

Agra 

•40 

•43 

-49 

•49 

■04 

•49 

•12 

B»] , l 

■67 

•24 

■15 

••a 

Patna 

•23 

•59 

40 

•34 

•19 

16 

35 


37 

•56 

53 

26 

Dhubn 

•22 

•53 

•15 

37 

11 

15 

19 


12 

•52 

•57 

*03 

Karachi . 

•36 

•27 

•53 

25 

■30 

48 

•59 


26 

31 

28 

•36 

Ahmadabad 

•38 

■30 

46 

17 

33 

55 

43 

33 

62 1 

•67 

36 

•38 

Jubbulporc 

•42 

50 

38 

42 

15 

36 

•07 

•12 

71 


•35 

•11 

Calcutta . . 

•39 

•62 

•28 

44 

30 

20 

39 


58 

61 

61 

•25 

Akola 

•48 

•53 

•41 

35 

17 

32 

16 

19 

70 

71 

53 

•43 

Samhalpore 

•46 

•57 

-39 

45 

•07 

•15 

•15 

31 

59 

58 

32 

•25 

Bombay . . 

■54 

42 

■68 

47 

21 

34 

36 

45 

46 


69 

46 

Poona 

•45 

•40 

40 

35 

40 

29 

14 

IfiTlM 

51 


85 

•51 

Hyderabad 

•45 

•58 

31 

35 

•37 

•19 

36 

•28 

•61 

74 

a 


Mangalore . 

•32 

•40 

61 

48 

36 

06 

29 

33 

•32 

51 

57 

•36 

Bangalore 

•70 

•63 

25 

35 

47 

27 

53 

50 

•27 

62 

71 

•74 

Madras 

67 

47 

•13 

18 

22 

37 

50 

46 

— 24 

SI 

43 

58 

Ti\ andrum 

•62 

67 

44 

48 

34 

37 

45 

46 

34 

Kfl 


58 


3. The seasonal movement ol the main centre ol high correlations.— An 

examination of Figures 1 to 12 shows that during the period May to August ( Figures 
4 to 7) the inter-monthly correlations are generally low In August-September 
(Figure 8) the correlations, which have a tendency to improve in July-August over 
Sind, show a further increase over that area With the retreat of the monsoon from 
North India the correlations generally increase over north-west India anti the area 
of highest correlations moves south-eastwards and lies over the central parts of the 
country in September-October ( Figure 9). In October-Novomber (Figure 10) the 
‘ high * moves further southwards and lies over the north Deccan As the winter sets 
in the southward movement continues and during the period Novembcr-February 
(Figures 2J, 12 and 1) the high correlation area remains over south India , the cor- 
i elutions over North India are poor during this period when the winter depressions 
afleet this area. When the hot weather sets in, the ‘high’ weakens and begins its 
noithward movement (Figures 2, 3 and 4). With the beginning of May and 
later as long as the monsoon conditions persist, the correlations become poor as 
mentioned earlier 

To sum up, the centre of high correlations is strong and lies over South India 
duiing winter , it is feeble and is roughly over Sind and the adjoining areas in North- 
West India during the South-West monsoon. Over the rest of the country the 
conelations increase slightly during clear weather and decrease during the wet 
months. 

4. Factors controlling the inter-monthly correlations ol maximum tempe- 
rature. From the preceding section it will be evident that high inter- 
monthly correlations of maximum temperature usually occur during dry months 
and that the centres of high correlations lie over areas where the weather is com- 
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paifctively dry. Ah mentioned in an earlier investigation (*), it is only during periods 
of settled weather that the accumulation of heat and the consequent “ c irry over ” 
of this factor from one month to another can take place m an uninterrupted maimer. 
\\ ithout such a process taking place it is difficult to see why adpuvnt months during 
certain seasons and m certain areas should be highly associated , the fact that, with 
the incidence of high winds anil wet weather, this association breaks down, lenls 
further support to the above conclusion. 

The ideal condition for the high association of the clirnat • of n u jhbouring months 
will be the per ute u-c of : 

(1) Clear skies, 

(2) Feeble air movi ment, 

(3) Absence of clouds and precipitation. 

Under these conditions insolation has fall sway and the accumulation of heat is 
localised 

Fiom a comparison of Fupin s 1 to 12 with the climatological maps showing the 
mean maximum temperature, \\ind, cloud uwv* and rainfalls* one finds that areas of 
" minimum or no cloudiness ”, minimum air movement, minimum rainfall and 
highest maximum temperatures do not c hivtIc in all months and that it is not 
possible to establish perfect agre »ni *nt in phase between the m lvcmonts of the 
uiea of high con elution with that of a region where all fch» favourable conditions 
coincide. 

The best agreement m phase is obtained with the movements of the sub-trojneal 
belt of high pressure which exists at the upp *r levels bet we ui 2 anl 4 Km This 
lngli pressure area lies over North-West India during the mom >on period and moves 
fouthwaid as the monsoon retreats, remaining ow. S >uth In lia during winter and 
resuming its northward march as the surnniT a lvauces anl the m msoon sets in 
.•gain 

The high pressure urea which coincides with the area of maximum correlation 
exists at about 1 Km level over South India during wmt *r and at about 2 Km level 
over North-West India during the monsoon. The high pressure area is also the 
region of feeble winds as is usually the case over an anticyclone*)*. Figures 13, 14, 
13 ami 1G show roughly the areas of highest maximum temperature and minimum 
cloudiness along with the high pressure area and the area of maximum correlations 
during August-September, September-! )ctobcr , November- December and January- 
February. These figures illustrate the southward movement of the area of high 
correlations and the associated weather elements from North-West India to South 
India. 

In conclusion the author wishes to express his thanks to Dr. K. R. Ramanathan 
for making available the upper air wind (lata and also for Ins useful suggestions. 
Thanks are also due to Dr. L. A. Ramdas for suggesting the problem and for his 
help in the preparation of this note. The author also gratefully acknowledges the 
help of Mr. Ananthapadmanabha Rao and of the Statistical Section of the Agricul- 
tural Meteorology Branch in the comput.it ion of some of the correlation coefficients 
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A STATISTICAL ANALYSIS OF THE DISTRIBUTION OF THE SOUTH-WEST 
MONSOON RAINFALL AT AKOLA. 
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V. Natakopan, M.A., Aijncultural Mctrorolayy Bmnch. 
(liirriral on I0l/i Sr/ilnnlu'i 


Abslrmt -The p.ipi r i nut ini', i ilisi 11-^imi mi tin < 1 1 -l 1 1 1 >11 1 n >n nt t li<* unitli west iiiothdou rainfall 
At Aknl.i Tilt* distribution «•! 1. mil ill in 1 nil m i-mi • > I I.V» il i\ (1 «»n-i a m_r nt .{I 1U«» <1 \.y pi'rimls) 
from Mn\ i! 2 ml In (h t«»l»i*r li.lnl i-. n pit -1 11 1 « •! * 1 v 1 - I ■ >1 -.i „ •li-.t 1 ilmt mu 1 mu' mt<< olit niu>il U\ tlio 
method of Utting 01 tlmgmi.il po|\ iimiii iU I’lu m in •. ol di 1 1 1 > >ut 1. >11 mibl nils linn nlil uuod are 
rxainuu d foi si 1 iil.ii < h.iMLri s It 1* loiiml tli 11 tin ,im r i lt* r mil ill lot tie I i-a 4»0 <1 iv ol t lie -.ei-jnu 
during the period lSN‘M‘U-1 was ^IiltIi 1 1 \ d« li< h m mi i ninp in ,mi with pn umh arid 1 itei \utis The 
relationships among tin diM nhiit mu 1 1 m^t.i 1 it tin in'.! l\oi .11 1 dsn ill'll u^i d 

1. Introduction. In studies oil ramlall in iel.il ion to « top fields, a <onsidera- 
tionofthe distribution of ramlull dm mu .1 wet wmhiil is, pet Imps, more essent ial Ilian 
merely tilt* total lamlall dm me the peiiod Tlie pie^i nt note deals with ail analvsis 
of the south-west monsoon lamlall at \kola (JO Ilf N 77 K ) w Inch is an import- 
ant- centre of the cotton emwmu ti.a t ol Reiar The average annu.d iainlall of the 
station is .‘>0 7°> inches, mo.sl of the i.*in heme ieiei\ed dm mu the south-west monsoon 
season, dune October Kor the pmpose ol thi> m\esi iu«it ion the period of south- 
west monsoon rainfall has heen taken to he from May JJnd to (htoher lidrd, con* 
sistmg of 155 days. Rainfall dm mu the lest of tin* \ear at Vkola is mostly associated 
with pre-monsoon or post -monsoon t h under showers and south mo\ mg depres 10 ns 
in the winter mouths. Table 1 (ui\en at the end ol the note) shows the rainfall 
amounts for each of the years from IStiS -ItidJ dm me the monsoon period and 
during the rest of the year. 

The monsoon season of 155 da\.s is di\ ided into 31 periods of five days each and 
the rainfall for each live day period is eomputed from the daily rainfall records for 
the different years. The unit ol time consist mg of 5 days although arbitrary m 
sufficiently small to represent the rainfall distribution in the season. The distri- 
bution of rainfall for each season is represented by a set of six const nts a\ U , c' 
M36DGofOb 
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etc. which are proportional respectively to A, B, C etc. of the orthogonal 
polynomial of the 5th degree, 

y=A+Bf 1 (t)+Cf 2 (t)+Df 8 (t)+Ef 4 (t)+Ff 6 (t) 
fitted to the series of 31 five-day rainfalls, the functions f^t), f 2 (t) etc. in the above 
being as developed by Fisher ( 1 ). Table 2 (given at the end) shows the values ot 
these constants for each of the 65 years from 1868 to 1932. These form the basis o 
our study in this paper. 

2. The Average Distribution. — The average distribution of rainfall during 
the 65 years under investigation is represented by the mean values of the distribution 
cons tan ts that are given at the end of Table 2. The equation of the curve of this 
average distribution as derived from these mean values of constants is : 
r—904 • 28 — 7 • 64t — 5 • 0276 (t 2 —80)+ -2069 (t 3 —143-8t)— 

. 021264 (t* — 205t 2 -\-4896 ) — 001718 (t*-265t*+13524t\ 
in the form of orthogonal polynomials which can be reduced to the ordmary form : 
r=1200 — 60 -6t -0-669t 2 +0-662t*—0-0213t* —001721*. 

In the above equations the value of t varies by unity from — 15 to +16, being 
measured from the mid-point of the season, and r represents the rainfall in thou- 
sandths of an inch falling in the t th five-day period. 

The actual curve of this distribution is plotted in Fig. 1. The figure gives also in 
the form of a histogram the average value ot the daily rainfall amount for each five-day 
period. The curve indicates that the rainfall of the average season begins by the 
end of May and increases at a quick rate till about July 15th and then begins to 
decrease at a slower rate than the rate of increase. The deciease goes on till about 
the third week of August and then the ramfall has a tendency to be steady for a short 
time. It is during this period that some years have a second maximum though this is 
not usually as high as the first. The secondary maximum is to a certam extent 
reflected in the histogram referred to above. The rainfall again decreases rapidly 
with the beginning of October and the rains ultimately cease by the middle of the 
month. These are the average characteristics of the distribution of the south-west 
monsoon rainfall at Akola. 

Thi» average distribution appears to have a very high order of variability as 
seen from the values of the coefficients of variability of the distribution constants 
given in Table 3 below. 

Table 3. 


Variability of the distribution constants {unit— one thousandth of an inch.) 






































The coefficients of variability for all the constants are very high showing thereby 
that the type of distribution on the whole is subject to large deviations from the 
average in different years. 
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Judged from their standard errors given in the last row of the above table, all the 
means of the constants are significantly different from zero except/' which is just bh 
the verge of significance, showing thereby that the effects indicated by the constants 
in the average distribution are real. 

3. Slow Changes in the Constants. — The next problem is to examine how the 
high variability in the distribution as found in the last section occurs. Does this 
Variability include any systematic change in the distribution or is it wholly composed 
of variations from year to year in a random manner ? Any systematic law of 
variation if it exists should be reflected m the form of secular changes in the series of 
the distribution constants. Considering the six series of distribution constants as 
six time series with a unit of one year for t, they were subjected to further analysis 
by fitting polynomials. 

Now each series of distribution constant consists of 65 values and the pro- 
gressive sums up to S 6 have to be determined. The series have been split up into 
two portions of 33 and 32 values and the respective progressive sums determined for 
each portion separately. If the progressive sums of the first 33 values are denoted 

by s x , So, s 3 etc. and those of the 32 values as s' l3 s' 2 , a' 3 , s' 6 then S x , S 2 , 

S 6 , which are the progressive sums for the whole series are obtained by utilising 
the following relations : — 


51 

5 2 

s 3 

S* 


B 1 + S, 1 

nsj + s 2 + s'jj 


n(a+l) 

2 


Si + n s„ 4- s 3 + s'j 


n(n+l) (n+2) 

24 } 


n(n-fl) 

2 


S 2 + n s 3 + s 4 + S> 4 


n(n -f-l) (n+3) n(n+l) (n+2) n(n-f-l) 

2*3*4 1 2*3 ®2 1 2> ^3 


+ n s 4 + s 5 + 85' 

n(n-fl ). (n+4) o L n(n+ I ) 7 (n+3) f n(n-fl) (n+2) 

9 *‘3*4*5 ®i * 2*3*4 2 T 3 ” 83 


, n(n+l) 

* 2 


s 4 + n s 6 + s 6 + s 9 


where 11— 32 (the number of observations in the latter portion of the series.) 

These formulae of combinations for finding the progressive sums for a long series 
are found to be simpler than those given by Fisher ( l , p. Ill), where the latter part of 
the series is summed from bottom upwards omitting the last figure in each successive 
summation and the combination is effected in two stages. These equations may 
also be utilised to find any one of the three sets of sums (1) 8 V S 2 , etc., (2) s 2 , Sg, etc., 
(3) s' lf s' 2 , etc., provided the values of the other two sets are known. This fact may 
be found useful in dealing with such progressive sums. 

The distribution constants for the six series were determined from S p S 2 , etc., 
and for each series the nature of slow changes, if any, is found from these constants* 
To test the significance of these slow changes it is necessary to evaluate the variances 
contributed by each degree of the curve fitted, to 00ttlpar& them illdilridti&lly and 
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collectively with the residual variance. These variances are got from the constants 
b c\ d\ e ' and/' of the series by multiplying their squares by the factor : 


, putting r = 1, 2, 3, 4, 5, 

The resulting quantities are denoted by x! 


(2r+l) n (n+1) . . (n+r) 

(n— 1) . . . (n— r) 

according to the degree of the term. The resulting quantities are denoted by x' 2 a 
x' 8 a , etc., and these represent the sums of squares contributed by the various degrees 
of the curve. Their sum when deducted from the sum of squares of deviations from 
the mean will give the residual sum of squares. The residual variance is obtained by 
dividing this by the number of degrees of freedom i.e. n — r — 1, where n is the number 
of observations in the series and r, the degree of the curve fitted. The values of 
x' 2 a , x' 8 2 , etc., are individually comparable with this residual variance and by 
the z test the significance of these variances can be tested, and the nature of the 
slow changes ascertained. Collectively also, the sum of the quantities x' 2 2 , x' 3 2 
etc. gives the sum/f of squares contributed by the curve fitted and as such the total 

variance contributed by a 5th degree curve is given by - 


2 >4-&V 


this 


is compared with the residual variance and the significance tested. 

While the individual significant values of x' 2 2 etc. indicate the nature of the 
secular changes along particular directions, the existence of these changes is not taken 
to be definitely established unless the variance is significant in the collective test 
also. 


As a result of such analysis, it was found that none of the six series of the distri- 
bution constants of Akola rainfall showed any significant effect under the collective 
test, though individual values of the x's were found to be just significant in some 
cases. 


The results of the above analysis are given m a slightly different form in Table 4 
for easy comparison. The square roots of the variances with the signs of the res- 
pective distribution constants attached to them are given with the square root of the 
residual variance which is called the “ standard residue Any value of x' 2 , x' 8 , 
etc., that is greater than twice the standard residue can be considered significant. 
From the table it can be easily seen that the collective variance is not significant in 
any of the series. 

Table 4. 


Slow changes in distribution constants (v nitrone thousandth of an inch,) 



a' 

b' 

c' 

d' 

e' 

r 

Mean 

904-3 

—38 2 

—146 8 

36-0 

-22-2 

—10-0 

S'| 

— 429-0 

16-1 

3-7 

—31-2 

7-2 

0-0 

X* g • . . . 

—63-9 

182-4 

143-2 

— 120-0 

— 116-0 

39*2 

x'* 

662-4 

216 3 

8 0 

60-6 

-36-4 

— 63-0 

x' 5 

— 99-9 

— 33-1 

— 132-1 

—18*6 

70-8 

— 16-9 

_/ 

•• •• •• 

— 163-1 

34-0 

—18-1 

—64-9 

— 38-0 

47-4 

Standard Residue . . 

303-3 

103-8 

72 0 

66-4 

46-8 

44-3 


Taking the series a\ none of the values of x’s require any remarks except x / 4 , 
which though not significant is on the verge of it. This shows a trace of change 
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along a cubic curve. The polynomial values with the ten-year moving average 
values for this series are plotted in Figure 3(a f ) . It is seen that this trace of change is 
because of a series of wet years about 1875 to 1895. However, the change is small 
when compared with the S. D.* 

Coming to series b\ the values of x' 3 , and x' 4 deserve some mention. x' 3 , is 
not significant but fairly high, and the value of x' 4 is seen to be significant. From 
Figure 3 (b') it is seen that b' has decreased from high values at the beginning, and 
towards end of the period m question it shows signs of increasing quickly ; but when 
compared with the total variation this factor is not in any way considerable smce the 
standard error is reduced from 105*9 to only 102*2, when the third degree is fitted. 

Taking c\ only x' s is on the verge of significance and Fig. 3(c') indicates that 
this is because of a series of low values of c' from about 1890 to 1913. 

The series of d' shows no trend worth mentioning. 

The value of x' 3 for series e 7 is greater than twice its standard residue and hence 
is significant. This indicates a parabolic change in the senes. Figure 3(e') indicates 
generally higher values of e 7 during the period 1890 to 1913. 

The constant /' shows no secular changes. 

From the above remarks it is evident that although no significant slow changes 
are observed in the distribution constants on the whole, the significant values of 
some of the x's indicate some changes, the effect of which may be examined further. 
A comparative study of the curves m Fujure 3 shows that the deviations of the three 
constants l/ } e' and e' from then average values during the period 1890-1913 require 
explanation. 

To see whether this correspondence in the variation of average values is asso- 
ciated with any significant change in the average distribution, the whole period of 65 
years was divided into three divisions as follows . — 

I . . 1868 to 1888 . . . . . . 21 years. 

II . 1889 to 1913 . . . . . . 25 years 

III .. 1914 to 1932 .. .. .. 19 years.* 

The average values of the distribution constants with their standard errors foi 
the corresponding periods are given in Table 5 below. 

Table 5. 

Average distribution s (unit— one thousandth o f an inch.) 


— 

I, 1868—1888 

21 years 

II, 1889—1913 

25 years. 

III, 1914—1932 
19 years 

Mean. 

S L>. 

Mean. 

S. D. 

Mean. 

s D. 

o' 

. . 


993 76 

401*62 

875 12 

248*64 

843 74 

235*20 

t' 

• • 

•• 

—23*19 

110*87 

— 67*68 

83*20 

— 15-89 

122*50 

c' 

. . 

• • 

—131*10 

42*79 

—175*88 

79*13 

-122-47 

81*02 

d' 


•• 

43*00 

83*93 

43*52 

48*73 

18-53 

04*04 

e' 


•* 

— 36*90 

38 02 

— 2*12 

43*70 

— 32-42 

54*85 

r 

. . 

1 

— 10*38 

1 

64*80 

— 13*58 

38*26 

— 7-05 j 

38*95 


* In this connection a reference is invited to Blanford’s discussion of a similar but more pronounced 
increase in rainfall in Central Provinces area which he ascribes partially to the forest pollov in th* 
concerned. (3. P. 136-140). ^ y apea 
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On examining the above table the following differences in the averages of the 
various distribution constants are observed : — 

(1) a' of I is higher than that of II and III. 

(2) d! of III is lower than that of I and II. 

(3) 6', c' and e r of period II show differences from their values for other 
periods. 

The differences in the mean values noted above were tested by comparing them 
with their respective standard eirors calculated from the pooled estimates of variances. 
In the cases of (1) and (2) the differences were not found to be significant, whereas m 
(3) the two constants c' and e' showed significant differences. This indicates that the 
average distribution over the peiiod II has been different from that over the remaining 
periods, so far as the changes in the constants c' and t are concerned. 

The average distribution of rainfall over these three periods are shown separately 
in Figure 2 , by curves 1, 2 and 3. It is seen that the curves 1 and 3 are similar in 
shape except for a difference m the total rainfall which has been found to be not 
significant as already stated. The average distribution for period II is of a different 
type showing deficient rainfall towards the latter part of the season as compared with 
the other two periods. The rainfall for the last sixty days of the rainy season (corres- 
ponding to twelve five-day periods) shows the following results : — 


1 

; 

; 

Mean rainfall in inches 
(August 25th to 
October 23rd) 

1 

8 1) 

Period I 

i i 

; li 23 

I 

7-05 

Period 11 

7 12 1 

3-63 

Period III 

1 9 26 

5 W> 


The mean rainfall over I and III is 10-30", which is 3-18" higher than in II. 
The pooled estimate of S. D. for this difference having 63 degrees of freedom=l • 52. 


t 


-®1 18 -2.O0 

1-52 


Hence it is found that the rainfall for this period of GO days during the years 1889 — 
1913 has been on the whole deficient when compared with the rainfall of the corres- 
ponding period for previous and later years. 

Summing up, though traces of slow’ changes of the distribution are observed 
from an analysis of the distribution constants, the average type of the distribution 
has not been materially altered except for the fact that during the 25 years 1889— 
1913, the rainfall for the two months from about 20th August to 20th of October has 
been less than in previous and later years by about 3 inches. 

4. Correlation in the Distribution Constants. — We have chosen a set of 
six mutually independent functions of time in arriving at the values of a', b', etc., to 
represent the distribution of the rainfall of any one year. Therefore, if the incidenoe 
of rainfall in one period of a season is not related to that of any other period there will 
be no relation between the distribution oonstants. On the other hand if it were 
found theft the distribution constants are related, it can be said that the distribution 
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of rainfall between various parts of the season are not totally unrelated. In Table 6 
are given the correlation co-efficients between the series of the distribution con- 
stants. 

Table 6. 



a' 

1 

b' 

c' 

d ' 

e* 

6' 


.. 


*' 

•2734 





c' 

. . 

. . 



— *4342 

*0337 




d' 

. . 

. . 


. . 

•2936 

— 5260 

— 1889 



e' 

. . 

. . 


. . 

— 0953 

— 1862 

— 5397 

— 0073 


r 

•• 

•• 



— 1119 

— 0458 

•1708 

— 4539 

•0972 


From Fishers 7 Table V-A, ( 2 ) the 5% value of correlation coefficient for n=63 
is *2464 and hence any C. C. higher than this can be taken to be significant. Judging 
from this, six correlation coefficients are seen to be significant. However on applying 
Walker’s criteria ( 4 ) for a set of 15 correlation coefficients, the 5% random 
value for the highest coefficient in table 6 is • 3563 and on this basis it is found that 
only four of the c. c’s are significant. Before we examine what these relationships 
indicate, it is necessary to see whether the traces of slow changes observed in Section 3, 
have any part to play in these correlations. The correlations after removing the effect 
of these slow changes can be obtained as follows. From the sum of products of devia- 
tions for any two series, the products of corresponding x’s given in Table 4 are 
subtracted and the remainder can be termed the residual sum of products. This is 
divided by the number of degrees of freedom (59 here) and also the product of the 
standard residues of the two series. This gives the correlation coefficient after 
eliminating the effects of the slow changes. Table 7 gives these correlation co- 
efficients. 

Table 7. 



These represent the correlation coefficients of the distribution constants after 
eliminating the slow changes up to the 5th degree. For n=58, the 5% value of C. C. 
from Table V-A of Fisher ( 2 ) is -2546 and -3614 for Walker’s test and it is seen that 
the order of the correlation coefficients are not altered and so we conclude that the 
slow changes in the distribution constants have nothing to do with these correlations 
M36DGOB 
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between the distribution constants and hence the relationships indicated by the 
correlation coefficients above arise out of the variations of the constants in the 
individual years. 

5. The nature ot the internal relationships in the distribution. — In order that we 
may know the nature of the relationship arising out of these correlations shown in 
Table 7, it is necessary to know also the nature of variation in the distribution for 
variations in the constants. 

a', afe we know, is proportional to the total amount of rain and hence, while 
Otter distribution constants remain the same an increase ot decrease in the vahre of v! 
will simply increase or decrease the area of the curve of distribution without changing 
its shape ; we know also that b' being the constant that measures the straight line 
effect in the distribution, is proportional to the gradient of the straight line fitted to 
the distribution. A negative value in b' will indicate a decreasing tendency m the 
distribution whereas a positive value will show a uniform mcrease m the distribution. 
The relationships of the remaining constants to the distribution are more andmore 
complicated and we know only that each one of them is bound up with one degree 
of the curve of distribution. 

To get a rough idea as to the change in the shape of the distribution corre- 
sponding to a variation in the other distribution constants, the following procedure 
was adopted. Taking a standard set of distribution constants, and knowing the shape 
of that distribution, we can alter one of the constants and contrast the shape of the 
resulting curve with that of the original curve. The change in the shape between the 
two curves is then a direct result of the change that we have made m the particular 
distribution constant, since the other constants are independent of this variation. 

The average distribution of Fig. 1 was taken to be our standard for this purpose 
and constants b', <?', d', e' and /' were given two extreme values, one on either side of 
the average, in each case all the other constants remaining same as for the standard. 
figures 4 to 8 give these sets of curves. 

One peculiar feature in this process is that all the curves arising out of varying 
one constant only, will pass through a certain number of pomts fixed on the standard 
curve depending upon the constant changed. These points are fixed whatever may 
be the value of the distribution constant under consideration. The abscissae of such 
points are given by equating the various orthogonal functions of t to zero in the 
equation of the average distribution given in Section 3. For instance all the curves that 
are formed from the variations m c', keepmg the other constants same will pass 
through the points whose abscissae are given by ( t 2 — 80) =0, (see Fig . 5) ; because, 
for this value the term vanishes and as such the resulting value of r does not depend 
upon this variable term. This gives two points through which all the curves for 
varying c' pass. The curve is divided into three portions and the changes in the 
distribution curve for changes of c' can be divided into three sections. For instance 
the fixed points on this curve are t = ±8*9, say about ± 9. Therefore the changes 
in c' alter the distribution curve in three sections, (1) t = — 15 to — 9, (2) t = — 9 
to +9, (3) t = +9 to +15. In the first section the change does not seem to be 
material. As c' varies from a high negative value to zero the distribution curve in 
S< Mfo n 1 gem felightly higher covering more area. The second section which covers 
nearly 2/S of the whole period shows a tendency to develop a minimum as the value 
of F gets nearer zero. The third section develops a maximum as F gets nearer zero. 
Of Course it is theoretically possible to find the value of c' for which the minimum and 
maximum of sections 2 and 3 above in this case develop, but it may not be of much 
interest to us as it lepends on the other constants also. By studying jsuoh curves 
given in Figures 4 to 8, a general idea can be had of the illation between the 
constants and the shape of the distribution for the required range of variation. 
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Now turning our attention to TabU 7 we shall see what the significant correlations 
indicated therein mean. It is however not possible to assert anything with regard 
to these correlation coefficients but when these correlations are studied with the help 
of Figures 4 to 8, they are suggestive of some relations which are indicated below. 

We find that the constant a' is related to b' and d! and significantly so with c', 
indicating thereby that the general distribution of rain in a season is dependent oij 
the total rainfall received. The correlation between a' and c' indicates that wet 
years have more concentrated rainfall from about the 20th June to 20th September 
and that comparatively drier years seem to have a distribution approximating to 
curve III of Fig. 5. The correlations of a ' with b ' and d\ though comparatively small, 
are still significant. It may be noted that though b 9 and d' are positively related to a' > 
the relation between themselves is highly negative and hence the two are compli- 
mentary in their relation to a', i.e. (1) when a ' and b' change alike a' has no effect 
on d', whereas when a' and d' change alike a ' has no effect on V . This is indicated 
by Tables 8-a and 8-b where instances are given to which many more can be added, 
of these two types of relations. It may be noted that the partial correlations between 
a! and b\ and a' and d 7 are enhanced if the relation of b' and d' is eliminated. 

jf a' b'f = * 4959 ; r a > # p = -f- • 5040. 

The correlation between c' and e' seems to indicate that high negative values of 
c' gives in general a distribution with a single maximum as seen from comparing 
curves m Figures 5 and 7, and, also that when values of c'are low, a distribution with 
a second maximum is likely. 

The correlation between d' and /' indicates that high positive values of d' are 
associated with high negative values of /' and as such comparing the Figures 6 and 8 , 
this relation would s< em to mean that whenever d ' is highly positive the chances of 
getting a second maximum are more. 

In conclusion the author wishes to express his thanks to Dr. L. A. Ramdas, M.A., 
Ph D., and Dr. R. J. Kalamkar, B.Sc., B.Ag., Ph.D., for whose valuable suggestion* 
and continued interest in this investigation he is grateful. 
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Table 1. 


Year. 

Rainfall m inches 
between May 22nd 
and October 23rd. 

Rainfall m inches 
during the rest of 
the year. 

1888 

.. 

• 9 

. . 

. . 



21 27 

3-03 

1869 

•• 

•• 


•• 



28-93 

•23 

1870 

•• 

• • 


•• 



38-47 

6 82 

1871 

•• 


•• 

•• 



13 7S 

4-36 

1872 

•• 

• • 

•• 

•• 



44-37 

2 21 

1873 

•• 

•• 


•• 



22 69 

1 35 

1874 

•• 



•• 



26-64 

•14 

1875 

•• 

•• 

• • 

•• 



33 68 

54 

1870 


•• 


•• 



18-61 

0 

1877 


•• 

• • 

•• 



17-11 

7-25 

1878 

•• 


•• 

•• 



42-09 

•98 

1879 




•• 



25-69 

•31 

1880 

•• 

•• 

•• 




15-70 

3 70 

1881 

•• 

•• 

•• 

•• 



29-90 

2 70 

1882 



-• 

•• 



25-95 

2 18 

1883 



•• 

•• 


■ • 

66 25 

06 

1884 

•• 



•• 



41 28 

7 62 

1885 




•• 



28 90 

8 39 

1886 


• • 





34-05 

2 03 

1887 

•• 

■ • 


•• 



45-53 

3-83 

1888 

•• 

•• 





24-70 

3*25 

1889 

•• 



•• 



31-81 

•60 

1890 

•• 



• • 



32-46 

1 00 

1891 


•• 


•• 



29-59 

3-87 

1892 

•• 



• • 



46-58 

7-46 

1893 


•• 

•• 

• • 



27-28 

9-16 

1894 


•• 

• • 

•• 



29-63 

4-13 

1895 

• m 

m • 

• m 

•• 



25-01 

2-03 

1896 

• a 

9 9 

9 9 

• 9 



26 36 

•79 

1897 

• m 

9 9 

9 9 

9 9 



22-87 

•51 

898 


9 9 

9 9 

9 9 



20*14 

•65 

1899 


9 9 

9 9 

9 9 



10*65 

1*43 

1900 


9 9 

9 9 

9 9 



40*64 

-08 
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DISTRIBUTION OF THE SOUTH-WEST MONSOON RAINFALL AT AXOLA. 

Table 1 —contd. 


Year. 

Rainfall m inch.ee 
between May 22nd 
and October 23rd. 

Rainfall in inches 
during the rest 
of the year. 

1901 







23-95 

2-74 

1902 







24-47 

2-98 

1903 







29-96 

•75 

1904 







26-67 

•43 

1905 







19 01 

•18 

1906 







34-99 

2-11 

1907 







19-21 

3-39 

1908 







34-36 

0 

1909 







24-29 

7-02 

1910 







34-24 

1-49 

1911 







19-32 

3-15 

1912 







18-86 

1-28 

1913 







26-94 

•52 

1914 







26-64 

2-20 

1915 







26-88 

6-96 

1916 







41-34 

4-31 

1917 







29-02 

409 

1918 







12-34 

2-68 

1919 







25-54 

2-24 

1920 







10-47 

1-55 

1921 







23-91 

•30 

1922 







29-58 

4-45 

1923 


• • 





21-92 

1-64 

1924 







34-33 

1*93 

1925 


• • 





19-29 

3-89 

1926 







30-59 

2-51 

1927 







28-28 

5-11 

1928 


• • 





27-29 

4*72 

1929 


• • 




.. 1 

21-10 

3-20 

1930 


• • 





27-66 

•87 

1931 





• • 


35-02 

1-69 

1932 





e • 


25-73 

2-52 

_ 




Mean 

• • 

•• 

28-03 

2-70 


v. saYAHopah, m.A. 
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Table 2. (Distribution constants ) , 

(tfhit=One thousandth of aninoh.) 


Years. 

of 

a 

H 

d' 

e' 

r 

1868 


. . 

686 

— 

146 

— no 

4 

18 

4 

18 

4 

29 

1860 

. . . . 

•• 

965 

4 

136 

— 172 

— 

89 

— 

12 

4 

6 

1870 


•• 

1241 

— 

200 

— 199 

4- 

149 

— 

24 

— 

55 

1871 



444 

— 

63 

— 53 

4 

1 

— 

34 

4 

23 

1872 



1431 

4 

121 

— 139 

4 

41 

— 

139 

— 

87 

1873 



732 

— 

65 

— 116 

— 

7 

— 

30 

4 

24 

1874 



856 

— 

155 

— 101 

4- 

57 

— 

81 

4 

14 

1875 



1086 

— 

43 

— 146 

— 

50 

— 

63 

4 

73 

1876 



600 

— 

25 

— 151 

— 

20 

— 

2 

4 

45 

1877 



552 

— 

54 

— 67 

4 * 

47 

— 

55 

4 

14 

1878 



1358 

4 

243 

— 184 

— 

19 

— 

41 

— 

65 

1879 



825 

— 

13 

— 133 

— 

19 

4 

14 

— 

21 

1880 



506 

+ 

54 

— 40 

— 

35 

— 

22 

4 

23 

1881 



965 

— 

101 

— 143 

4 

17 

— 

6 

— 

4 

1882 



837 

— 

108 

— 116 

4 - 

62 

— 

73 

— 

25 

1883 



2137 

4 

46 

— 100 

4 - 

158 

— 

87 

4 

94 

1884 



1332 

4 

113 

— 191 

4 - 

71 

— 

9 

— 

27 

1885 



932 

4 

20 

— 127 

4 

35 

— 

30 

— 

61 

1886 



1118 

— 

139 

— 163 

4 

167 

4 

3 

— 

50 

1887 


•• 

1469 

— 

36 

— 149 

4 

267 

— 

56 

— 

140 

1888 



797 

— 

72 

— 153 

4 

52 

— 

46 

— 

28 

1889 



1026 

4 

14 

— 185 

4 

90 

4 

54 

— 

9 

1890 



1047 

— 

164 

— 161 

4 

117 

— 

26 

— 

71 

1891 



955 

4 

168 

— 145 

— 

18 

— 

80 

— 

115 

1892 



1503 

— 

65 

— 280 

4 

23 

4 

13 

4 

36 

1893 



880 

— 

90 

— 23 

— 

79 

4 

13 

4 

62 

1894 



956 

i 

70 

— 189 

4 

63 

, — 

43 

— 

44 

1895 



807 

— 

102 

— 107 

4 

73 

— 

43 

— 

35 

1896 



850 

— 

239 

— 198 

4 

127 

4 

52 

— 

40 

1897 



738 

-4 

51 

— 219 

— 

23 

4 

39 

— 

18 

1898 



650 

— 

89 

— 130 

4 

51 

— 

9 

— 

13 

1899 



344 

— 

51 

— 24 

4 

1 

— 

47 

4 

28 
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Table %~~contd. 



Year*. 


a' 

6' 

c' 

d' 


e' 


r 


1900 


. . 

1311 

— 13 

— 390 

— 

8 

+ 

96 

+ 

23 

1901 

. . 

. . 

772 

— 8 

— 164 

+ 

50 

+ 

52 

+ 

17 

1902 


• • • • 

789 

— 3 

— 229 

+ 

16 

+ 

20 

— 

18 

1903 


. . 

906 

— 76 

— 201 

+ 

39 

+ 

50 

— 

88 

1904 

.. 

.. 

826 

0 

— 120 

+ 

24 

— 

43 

+ 

6 

1906 

.. 

. . 

013 

— 20 

— 138 

+ 

17 

— 

41 

— 

5 

1906 

.. 

. . 

1129 

— 163 

— 289 

+ 

97 

+ 

3 

— 

16 

1907 

.. 

•*« • • 

020 

— 122 

— 157 

+ 

73 

+ 

19 

— 

4 

1909 

.. 

. . 

1108 

— 170 

— 249 

+ 

103 

— 

40 

— 

4 

1909 


. . 

784 

— 96 

— 142 

+ 

39 

— 

30 

— 

5 

1910 

.. 

. . 

1106 

— 38 

— 178 

+ 

5 

— 

58 

+ 

8 

1911 



623 

— 129 

— 109 

+ 

57 

— 

13 

— 

6 

1912 


. . 

608 

— 95 

— 154 

+ 

84 

+ 

6 

— 

29 

1913 

• . 

. 

869 

— 133 

— 210 

+ 

07 


0 

+ 

1 

1914 

• • 

. . 

859 

— 15 

— 143 

— 

27 


72 

+ 

23 

1916 

• • 


807 

— 18 

— 177 

+ 

65 


12 

— 

46 

1916 

• • 

• • • • 

1334 

— 40 

— 169 

+ 

51 

+ 

22 

+ 

30 

1917 

• • 

• • • • 

936 

+ 40 

— 38 

— 

46 

— 

48 

— 

4 

1918 

• • 

• • • • 

398 

— 175 

+ 15 

+ 

9 

+ 

3 

— 

7 

1919 


.. 

824 

— 168 

— 62 

+ 

00 

— 

68 

— 

1 

1920 

• • 

• • • • 

338 

— 37 

— 03 

+ 

27 

— 

26 

— 

3 

1921 

• • 

• * • • 

773 

— 62 

— 147 

+ 

9 

— 

24 

+ 

5 

1922 


• • • • 

954 

— 135 

— 240 

+ 

113 

+ 

3 

— 

72 

1923 

»• 

.. 

707 

+ 60 

— 139 

— 

11 

— 

45 

— 

5 

1924 


.. 

1107 

+ 219 

— 176 

— 

100 

+ 

8 

+ 

50 

1926 

• • 

.. 

622 

— 88 

— 119 

0 

+ 

34 

+ 

38 

— 

1 

1926 

• • 

.. 

987 

— 101 

— 36 
x 

+ 

89 

+ 

57 

— 

37 

1927 

• • 

. . 

912 

+ 22 

— 19 

+ 

47 

— 

164 

— 

70 

1928 

• • 

• • • • 

880 

+ 66 

— 30 


0 

— 

76 

+ 

60 

1929 

• • 

• • • • 

681 

— 209 

— 67 

+ 

131 

— 

112 

— 

7 

1930 

• • 

• • • • 

892 

+ 84 

— 134 

— 

124 

— 

73 

+ 

41 

1931 


. . 

1130 

+ 266 

— 106 

— 

6 

— 

49 

— 

80 

1932 

•• 

.. 

830 

— 7 

— 207 

+ 

30 

+ 

21 


0 


Mean 

904*3 

—38*2 

—145*8 


34* Q> 

— ! 

22*3 

— 
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Table 8-a. 



Table 8-b. 


Year. 

a' 

b' 

d' 

1870 




. . 

. . 

1241 

— 200 

+ 149 

1870 






600 

— 25 

— 20 

1879 






825 

— 13 

— 19 

1883 






2137 

-f 46 

+ 158 

1886 






1118 

— 139 

+ 107 

1887 






1469 

— 36 

+ 207 

1890 






1047 

— 164 

+ 117 

1908 






1108 

— 170 

+ 103 

1914 

•• 

•• 




859 

— 15 

— 27 
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Plate 1. 




FIG 1 AKOLA RAINFALL — AVERAGE DISTRIBUTION FIG 2 AKOLA RAINFALL — AVERAGE DISTRIBUTION 

(1868-1932) OVER SUB-PERIODS 
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FIG 3 AKOLA RAINFALL - SLOW CHANGES IN THE DISTRIBUTION CONSTANTS. 
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FIG 1 MAP SHOWING THE SITUATION OF LAHORE IN RELATION TO THE 

EAST PUNJAB HILLS 
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HOURLY RAINFALL AT LAHORE 

BY 

V. DORAISWAMY IYER, B.A. and V. L AKSH MIN AR ASIMHAN, B.A. 

{Received on 25th May 1935.) 

Abstract . — The hourly rainfall records of the Lahore Observatory for the years 1889 to 1922 
have been analysed Tables showing the diurnal variation of rainfall, of occasions of rain and 
of the aveiage amount of precipitation in each ram -hour m different months and seasons of the 
year have been given Similar tables showing the distribution of the above elements m associa- 
tion with w intis from the eight points of the compass have also been given The percentage 
probability of rainfall with winds from different dneetions lias been calculated It is seen from 
these that the maximum of precipitation as well as of occasions of lain occurs in tho early morn- 
ing and that rainfall is largely associated with winds fiom the northeasterly quadrant " A ten- 
tative explanation is offered that this is probably due to the flow of cold air at night from the 
western Himalayas. 

Lahore, (Lat 31° 34' N., Long. 74 ' 20' E.), is situated in the plains of tho Pun- 
jab at a distance of about 80 miles from the foot of the Himalayas and about a mile 
from the left bank of the, river Ravi (Fujiue /, Fiontispure). Tho observatory is 
about 4 miles south of the city. 

The self-recording raingauge a* the obsrvatory was a tilting bucket ramgauge 
by Beckley which was in use fiom 1887 to 1925. The collecting fimnel was placed 
on the terraced roof of the observatory, 24 ft. above ground and 1£ ft. above terrace, 
and the recording apparatus was housed m one of the office rooms below. The rain 
falling into the large funnel (9J inches acioss the mouth and 1G inches deep) was 
conveyed by a lead pipe to the tilting bucket m the recording portion. In this type 
of instrument, the bucket which receives tilt* ram fiom the fuimel is attached to 
one end of an arm and counterpoised by a weight at the other end. The arm carry- 
ing the bucket and counterpoise is suspended from two pil’ar^ and is also connected 
by a linked parallel movement to the pencil which records the rainfall on the drum 
of the instrument, which is actuated by clock work. As the rain enters the bucket, 
it depresses it and draws the p ncil across the moving chart to a distance corres- 
ponding to the amount of water received. When the bucket contains the right 
quantity of rain, 0-2", it automatically tips over and the water flows away through 
an outlet pipe. After releasing it*, con ents the bucket returns immediately to its 
initial position , provision has been made for the accumulation of the rain during 
the second or to m which the bucket is inverted, so /hat none is spilt or lost. 

There was also a Beckley ’s anemograph at the observatory, mounted on a 
masonry tower specially erected/or the purpose. The height of the cups was 55 ft. 
above ground and it had been in use since June 1889. 
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Meteorologically the year at Lahore may be divided into four seasons as 
follows : — 

Winter . . . . . . . December to March. 

Summer . . . . . April to mid- June. 

The monsoon season . . . . . . . Mid-June to September. 

Autumn . . . . . . . . . Oetol>er and November. 

The clear weather winch characterises tin* Autumn in northwest India comes 
to an end in the middle 1 of December, when the winter rams, so important for the 
wheat crop of the Punjab, aie ushered in bv the advent of the disturbances 
entering India from the west Even in tin* first fortnight of December the little 
ram that occasionally falls is associated with early winter disturbances and hence 
the whole month of December is included m tin* winter season The winter dis- 
turbances have been shown to be continuations of the European depressions m the 
Mediterranean region , they advance ovei the highlands of Persia and enter north- 
west India. Four to five disturbances occui in each of the winter months, but they 
seem to become le.ss active m the ceutiul Punjab plains as the season advances, 
the normal rainfall at Lahore show's a steady decrease from January to March. 
Temperature begins to rise bv flic end of Match and summer weather prevails from 
April to about the* third week ol June. Dm mg this season rainfall is generally 
associated with local dust-stmms and thuiidei storms In years of prolonged winter 
conditions, however, late cold weather storms may cause ram m April , as a rule, 
however, rainfall in this month is light, and is only half of that, of January. The 
monsoon, which sets in early m June on the west, coast of the Peninsula and m 
Bengal, does not, on the a\erugc leach the neighbourhood of Lahore till the 
beginning of July. June ism far t hotter than May at Lahore, the mean daily maxi- 
mum and the average highest maximum in these months being 10B°F and 113°F. 
respectively m May, and 107 F and LI 5' F in June. Tt is however seen that- the 
average time of occurrence of the highest, maximum of June falls m the second week 
of the month and that rainfall /n the latter half of June, which is ix tun s the 1 am- 
fall m th^ first fortnight, is mostly associated with an incursion of monsoon winds 
into this region. Hence it- appeals appropriate to include the first fortn gilt of 
this month in the summer season and the second fortnight in the monsoon season 

The activity of the monsoon is at its height m July and August, but even m 
those months the rainfall is not coni muons, rrPerva’s of lainv weather alternating 
with longi^h bieaks On the averag* there a «• only six lamy days m each of thes» 
months. The monsoon begins to deehno in .u*t vi v in the beginning of September 
and u/ually comes to ail end in the third week of the month. The final cessation 
of the rams is followed bv fine autumn weather which, with slight occasional 
interruptions, lasts till about the middle of December Octob t gets on the average 
only a quarter of an inch of lain The lamfall during this month, w r hen it occurs, 
is associated wuth the inflow of moist winds into tins region, either under the in- 
fluence of depressions advancing into the interior of the country from tho Bay of 
Bengal and on very raro occasions from the Arabian Sea, or due to an early advance 
of an active winter disturbance from Ihe west November is the driest month of 
the year, hardly a tenth of an inch being received on the average during this month. 

Tabulation ol the Records. 

Tho self-recording ramgauge was m use, as already stated, during the period 
1887 to 1925.. The charts were f-et to local mean time and the tabulations were 
consequently in local time. The smallest division on the chart was 0*02", and, 
as it was of fairly open scale, the rainfall could be easily read off to the nearest 
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hundredth of an inch. The charts weie not tabulated m the first two years, and 
after 1922 the tilting bucket was not working properly. Hence the data utilised 
in the present discussion art* for the years 1889 to 1922. 

The hourly rainfall read off to the neaiest liundiedth of an inch is tabulated in 
the usual form with columns for each hour of tin* day. The monthly totals of these 
give the amount of ram which has fallen in rat h horn of the day. By counting the 
number of occasions of 0-01" of lain and o\or m each column the total number ol 
hours with ram, or “ ram-hours " m each houih interval of the day is also obtained. 

The hourly rainfall is then classified accoiding to the wind direct on m the hour, 
which is tabulated under lb points of the compass The monthly totals of these 
columns give for each mouth the total amount of nun which fell with winds from 
each of the 16 directions These an* them giouped undci eight points of the compass. 
A separate column gives the amount under calms. The number of ‘ram-hours’ 
associated with winds from each of the 8 points and with calms is also calculated. 
The monthly figures arc then grouped into the four seasons. 

Diurnal Variation of Rainfall. 

Table l gives the total rainfall and the total number of ‘ram-hours’ in 
each hour of the day for the 12 months, lie* four seasons and the year as a whole. 
The seasonal values are plotted in Fnjfue 2 In the last two columns of Table I 
are given the average rainfall rccoidcd by the, self-iecoiduig raingaugo m tho 
period considered and the average foi tin* same period of the rainfall recorded by 
an ordinary ramgauge erected with its funnel at tin*, standard height of 1 ft. above 
ground level. December is the only month m which the two records agree. In 
all other months the catch of the sclf-rei oiding raingaugo is smaller than that of 
the ramgauge at 1 it. above ground K\ pressed as a peieentage of tho latter tho 
catch of the self-recording ramgauge is as bclow p . - 


Jan 

Feb 

Mar 

1 

Apr 1 

1 i 

Mil} | June 

i 

Jul} 

1 

Aiiis 

Si p 

Oct 

N<>\ 

Dec. 

Year. 

87 

80 

I 

01 

83 

87 

02 

i 

03 

rj 

88 

02 

67 

100 

02 


It will be seen that if wo exclude tin* month of November when the Iow t percent- 
age is evidently due to the veiy scanty rainfall, the pcicentages vary between 80 
and 100. The mean percentage for the year is in fairly close agreement with the 
results obtained elsewhere for a ramgauge at a height of 20 feet above ground \ 

Table III gives the average amount of ram m a ram-hour for each hour of the 
day in the four seasons and for the year. Those figures were obtained by dividing 
tho rainfall amounts m Table I by t Ik; conosponduig number of ram-hours. 

Winter . — During tins season tho day hours get more ram than the night hours. 
During the day, the afternoon gets more ram than the forenoon in the months ol 
December and March , the reason is probably to be sought in the greater liability 
to afternoon thunderstorms. In the month of March the aveiago intensity of 
precipitation is also greater m the afternoon hours. In December and January 
the day hours have more occasions of rain than the night- hours, but m the other 
months the distribution of ‘ ram-hours ’ show's no large variation. The diurnal 
variation curve of the season exhibits tw r o maxima and two minima, the maxima at 
8 hrs. and 15 hrs., and the minima at 11 hrs. and 21 lire. The average intensity 
of rainfall of the season is greater m the period 8 to 14 hrs., than in other parts of 
the day, and exhibits low values in tho early hours, 1 to 4 a. in. 
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Summer . — The rainfall is small between 8 and 14 hrs., the amount that occurs 
in this interval hemp only 12 per cent of the. day’s total. It increases in the later 
afternoon hours, and the night, hours show a further increase, which is maintained 
till 8 hrs. m the morning The amount of ram m the 14 hours (6 p.m. to 8 a.m.) 
is 71 per cent, of the total fall of the day The distribution of the number of 'rain- 
hours * shows more or less similar characteristics. The average, intensity is in general 
greater in the afternoon and the forepart of the night. 

The monsoon season % (mul-June to St ptcmbei). Of the total annual rainfall 
77 per cent, occurs in i Ins season. The maximum of the lamfall amount and of the 
‘ram-hours’ occuis at. 6 hrs., and the minimum at 22 hrs. In the interval 
4 hrs. to 10 hrs. more t lain a third of the lamfall and ‘rain-hours’ occurs Both 
the elements have a secondary minimum at 11 lus., while the rainfall curve exhi- 
bits another ntvondan minimum at 15-his , and tlu* 4 rain-hours ' curve an hour 
earlier. Both the curves fall rapidly after 16 hrs till they reach the minimum 
value at 22 hrs In the individual mouths, as m the season as a whole, about 60 
per cent, of the rainfall and of ‘ rain-hours ' occurs in the day time, the proportion 
of rainfall being greatest, OS) per cent, m the month of August. The average 
intensity of rainfall is generally small m the first half of the night. Tt has higher 
values during the rest of the day, but exhibits no regular variation 

Autumn —This is the period of least rainfall at Lahore, only 2 per cent of the 
annual total occuning m tins season During October 59 per cent, of the day’s 
rainfall occurs in the, day hours, and occasions of rain are greater m the. forenoon 
than in other parts of the day About 10 per cent of the small rainfall in November 
occurs in the interval 20 hrs. to 22 hrs. 

Year . — The diurnal variation curve of rainfall for the year as a whole is similar 
to the curve for the monsoon season, with the. mean maximum m the early morning 
and secondary maxima at 12 hrs and 16 hrs After the last maximum the 
rainfall rapidly decreases and reaches the minimum value, at 22 hrs. The curve 
of ‘ ram hours ’ is in the mam similar to the rainfall curve , there are two maxima 
m the early morning hours with another secondary maximum at 15 hrs , while the 
minimum occurs at 21 his. The average, intensity is high in the interval 8 hrs. 
to 13 hrs. and between 17 hrs. and 22 hrs. 

It is interesting to compare the diurnal variation of rainfall at Lahore with 
that at Calcutta and Quetta, ( Fupne 3). In both these stations the maximum of 
the diurnal variation cuive occurs m the afternoon hours. At Lahore on the other 
hand, although there are, secondary maxima at 16 hrs as well as at noon, the mam 
maximum falls at about the time of sunrise, and more than a third of the total ram 
of the day falls in the morning hours, 4 a m. to 10 a m It would appear from this 
that although afternoon instability does contribute to increased precipitation, a 
more important part is played by other factors m producing precipitation. 

In the absence of autographic records at other stations in the Punjab it is not 
possible to say whether this is peculiar to Lahore, or is found at other stations also. 
An analysis of the times of occurence of thunderstorms m a few recent years indi- 
cates that at stations not far from the hills the frequency of thunderstorms is 
greater at night than during the day ; Rawalpindi resembles Lahore in having a 
morning maximum frequency of thunderstorms. The contiguity of the hills seems 
to be the contributing factor in increasing the liability to thunderstorms at night. 
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In his discussion of the air movement over the western Himalayas based upon 
anemographic observations recorded at Simla, Eliot 2 states that the most import- 
ant and unique feature of this movement is the alternating current between the 
hills and plains, which is a permanent feature independent of the change of seasons. 
The alternating movement consists of an upward movement during the day hours 
from 8 a.m. to 5 p.m. giving southerly winds with more or less westing, and a down- 
ward movement during the night hours from about 5 p.m. to 8 a.m. giving norther- 
ly winds with more or loss easting. As the prevailing winds in the east Punjab 
lulls are m general from a noitheastcrly direction during the greater part of the year, 
the downward movement at night would tend to strengthen this wind, especially, 
as pointed out by Blanford, * whore a river valley deliouches on the plains. If m 
addition the run of a deep river valley like that of the Ravi should coincide with 
the general direction of the nocturnal movement from the lulls, it is but natural to 
expect that the downward How would be felt to a greater distance in the pl«nna , 

The fact that several occasions of rainfall in the early morning hours at Lahore 
are associated with a shift of the wind to the northeast suggests that similar reasons 
might account for the early morning maximum of rainfall at that place. This 
can be ofteicd only as a tentative hypothesis considering the distance of Lahore 
fiom the foot of the lid's and the absence of observing stations with autographic 
lnstiuincnts between the hills and Lahore 

9 Distribution ol rainfall in Octants and Probability of Bain. 

The total rainfall and the total number of ‘ rain-hours ’ associated with winds 
from the eight principal points of the. compass are given in Table II for the twelve 
months, the* four seasons and the yeni Table IV gives the average intinsity of 
ram with winds from the eight points for each of the seasons obtained bv div dmg 
the total lamfall gi\en in Table 11 bv the louesponding number of ‘ ram-houie ’ 
In addition, m ordei to estimate the wetness of the winds fiom each direction, the 
percentage of the ‘ lam-hours ‘ to the total number of the corresponding winds was 
worked out {rule A ci Notes Vol. 1, No. 2. para. 10; These figures of the percentage 
probability of ram based on data from 1889 to 1 905 arc given in Table J\ 

The wind data necessary for this calculation were taken from Vol. XVIII, 
Part IV, of the Indian Meteorological Memoirs. 

The distribution in octants of rainfall and of ‘ ram-liours ’ as well as of the fre- 
quency of w r mds and of the percentage probability of lain m the winter and monsoon 
seasons are shown as wind roses in Figute 4. 

Wmtet . — In this season about 40 per cent, ed t.ie rainfall and ‘ iam-liouis ’ 
occurs with winds from easterly or southeasterly directions while only about 10 
per cent, are associated with westerly or southwesterly winds. The average 
intensity is greatest with southerly winds and decreases as the wind is deflected to 
either side, and is low r with winds from north or northeast. The percentage pro- 
bability is a maximum, 7 per cent., with a southeast wind in this season. Consi- 
dering the individual months the maximum is 10 per cent, m January with the most 
favourable wind direction, south. The probability figures indicate that the rain 
bearing winds are mostly drawn from the Arabian Sea. 

Summer . — Winds from between northwest and northeast cause more than half 
the rainfall and * rain-hours,’ while with those from cast and southeast are aanneia te d 
nearly another 30 per cent. Most of the rainfall with northwesterly winds how 
ever occurs in the first fortnight of June ; the June rainfall is also responsible for 
makin g the average intensity a maximum with northwesterly winds. 
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The monsoon season . — Most of the rainfall of this season is brought by the 
deflected Bay monsoon which advances up the Gangetic plain as an easterly current. 
Rainfall purely due to the activity of this current is only moderate. But when 
stimulated by the cycfonic storms from the Bay, which usually pass at some distance 
to the south or east of the Punjab, heavy falls occur. Heavy downpouis occur 
occasionally when, under the influence of a favourable pressure distribution over 
northwest India, the Arabian Sea monsoon current blowing across the Sind and 
Kathiawar coasts is strongly dnected towards the hills and the sub-montane plains 
of the Punjab. These facts are illustrated by the distribution of rainfall exhibited 
in the tables Taking the season as a whole the number of occasions of ram is a 
maximum with an cast wind, which with winds from the neighbouring directions, 
southeast and northeast, is responsible for Gfi per cent of the total number of ‘ram- 
hours \ The distribution of ‘ ram-hours ' in the individual months is mostly similar 
to that of the season as a whole. 

Tin 1 amount of rainfall exhibits equally high values with ail east and with a 
north wind, with a slight falling off with winds from the intermediate direction 
The winds from this quadrant, north to east, give 57 per cent of the total rainfall. 
The average intensity is a maximum with a north wind and a minimum with an east 
wind Considering the individual months, the amount of ram is a maximum with 
an east wind m July , east is the 1 seat of a secondary maximum in August, tile qpim 
maximum occurring with a north wind both in this month and in September This 
finds an explanation in the tracks followed by the depressions fiom the Bay, which, as 
the season advances, curve northwards towards the Kumaon and the east Punjab 
bills instead of following a westerly track towards the monsoon low m Sind The 
maximum probability of ram occurs with a northeast wind, with nearly as high 
values with winds on either side , southeast, the direction of the most prevalent 
wind, is the seat of a secondary minimum The distribution of probability of ram 
in individual months is m the mam similar to the seasonal distribution 

Autumn. — The maxima of the amount of ram, the number of ram-hours 9 and 
of the average intensity, all occur with a northeast ^ ind and the 1 minima an asso- 
ciated with a wind from the vertically opposite direction. 

Year — Taking the year as a whole the maxima of rainfall and of ‘ ram-houm 9 
occur w r itli an east wind. Both the rainfall and the number of fc iam-hours ’ exhi- 
bit minima w T ith a west or southwest wind Rainfall w r ith calms is found only m 
the winter and monsoon season. 

The greatest probabilities of ram, on the moan of the year, occur with north- 
east and east winds, and low probabilities with wrest and northwest winds. The 
causes which contribute to larger association of rainfall with northeasterly winds 
have already been discussed. 

The opposition between rainfall probability and the frequency of a wind found 
at Calcutta is also present to a great extent at Lahore. During winter the least 
probability is associated with the most frequent wind, NW, w'hile the direction 
of maximum probability lies to the east of the least prevalent wind. In the mon 
soon season west is the direction of the least probability, west winds being generally 
dry winds. The most frequent wind is the seat of a secondary minimum of rain- 
fall probability, while the maximum probability occurs with a northeast wind which 
is one of the least frequent. 
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The following information regarding the heaviest fall that has occurred in an 
hour m the different months of the year in the period under discussion, 1889 to 
1922, together with the direction of the wind accompanying the fall and brief notes 
on the weather prevailing at the time, will be found interesting. 


Date of occurrence. 

Hour. 

l 

! 

i Rainfall 
| (inches) 

Wind 

direc- 

tion 

1 

1 Weather notes. 

i 

l 

January 13th, 1901 

23-24 

, 0 78 

K 

1 Ahmh latcri with a western dis- 
i turbance whose central area 

passed close to Lahore. 

February 8th, 1915 

19-20 

1 0 54 

w 

Tit to Ditto. 

March 3rd, 1904 .. 

9-10 

i 

1 0 70 

1 

RE 

Assni iatcd with a western disturb- 
arue causing strong in- 

draught of humid winds from 
north Arabian Kca across 

Kathiawar 

April 21st, 190!) 

4-5 

i o 73 

i 

NE 

Asso< iatcd with a late western 
disturbance [Missing over lower 
Rind and south KAjputana 
Associated with a ‘ low * over 
northwest India causing strong 
indraught of humid easterly 
winds into the Punjab 

May l()th, 1893 

23-24 

0 86 

N"\\ 

Jun 28th, 1910 

11-12 

1 83 

j 

i 

NE 

Associated with a depression 
fiom the Arabian Kca dis- 
appearing o\er upper Rind 
and causing extension of 

the Hay monsoon into the 
Punjab 

Jul. 31st, 1900 

I 3-4 

2 46 

E 

! 

Associated with a ‘ low * over 
uppei Rind and the south- 
west Punjab Lahore* had 

4 50" in the 24 hours end- 
ing 8 horns 3lst 

Am?. 30th, 1897 

1 

16-17 

3 20 

N. 

i 

i 

Oc< urn d during a thunder- 
storm associated with dis- 
turbed weather over Kash- 
mir causing strong in- 

draught from the north Ara- 
bian Rea 

Sep. 8th, 1922 . . j 

l 

i 

i 

8-9 

1 

1 

2 60 

1 

N. 

A depn*ssion trom the* Hay 
passed into Kind on the 1 7th, 
leaving pressure distribu- 
tion favourable for inelr&ught 
of Arabian Rea winels into the 
Punjab Lahore had 5 61* 
in the 48 hours ending 8 
hrs 9th 

Oct. 1st, 1915 .. . : 

i 

i 

i 

6-7 

0 68 

NE 

Occurred eiunng a thunder- 
storm , there was a good 
indraught of wimhe from tbo 
Bay e>f Bengal 

Nov. 8th, 1911 

21-22 - 

0 24 

NNE 

Associated with the passagn of 
a western disturbance. 

Dec. 12th, 1922 .. 

17-18 i 

0 39 

ERE 

Ditto Ditto 
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Table I . — Total hourly inches of rain (Roman) and 


Hears. 

0-1 

i 



m 

5-6 

1 6-7 

i 

1 

7-8 

8-9 

i 

>-10 

10-11 

11-12 

12-13 

January 

■ 

i 


H 

m 

■Pi 

Hfll 

■ 

1 56 

1 76 

1 8*1 

1 80 

2 18 


25 

20 

21 

17 

1 24 

| 23 

25 

29 

21 

23 

20 

20 

25 ; 

February 

0-86 

0 81 

' 0 94 

1 0-75 

I 0 78 

1 66 

1 39 

1 35 

1 49 

1 07 

0 59 

0 95 

i 

0 77 I 


18 

22 

1 16 

16 

" 

17 

20 

26 

18 

16 

11 


ii! 

March . . 

0 70 

0 74 

0-48 

0 61 

1 33 

0 82 

1 13 

0 74 

1 16 

1 S4 

1-28 

1 17 

2*50 | 


12 

15 


22 

23 

23 

24 

24 

n 

12 

13 

18 

19 

| 

April 

0 38 

1 53 

0 53 

0 70 

1-44 

0-49 

0 93 

0 17 

0-20 

0 25 

0 12 

0-52 

0 27 i 


16 

21 

19 

19 

19 

16 

12 

5 


7 

* 

6 

5 

May 

102 

1 05 

0 32 

0 ”»2 

0 53 

0 30 

0 40 

0 50 

0 28 

0 08 

0 08 

0 23 

0 22 


11 

H 

.V 

10 

10 

13 

9 

6 

5 

2 

3 

4 

4 

June 

0 02 

0 64 

1 89 

2 11 

3 01 

6 19 

4-38 

3 99 

2-84 

2-74 

0 92 i 

2 99 1 

1-16 i 


11 

M 1 

13 

•M 

**1 

27 

25 

25 

2S 

20 

IS 1 

12 1 

1 

7 

8 

1 

July 

0 41 . 

8 82 . 

0 72 

10 81 

11 06 

10-65 

10 99 

6 99 

8 98 

9 24 ! 

7 45 ! 

9 20 ■ 

11 92 1 


35 

"I 

41 

50 

65 

56 

52 

55 

3S 

IS | 

34 | 

45 

51 ! 

August .. 

2 70 

1 14 

3 73 

r> 16 

6 25 

10 56 

13 83 

11 44 

9 04 

10-79 ' 

8 93 ; 

13 20 10 32 ' 


"1 

20 j 
1 

29 

| 

2S 

l 

16 

57 

50 

4S 

45 

"1 

45 j 

56 

49 1 

| 

September 

1 

1 81 

1 

2 00 

1 

3 37 i 

1 

5 64 | 

4 69 

3 90 

2 76 

5 08 

5 97 

1 

4 93 1 

3 79 ' 

4-11 

97 1 


"1 

1 5 

79 i 

20 

27 

23 

2S 

31 

29 

1S | 


20 

22 i 

i 

October 

1 

0 61 | 

0 27 1 

0 08 | 

0 28 

o n 

0 03 

0 75 

0 37 

0 41 

0 25 

0 26 i 

0 20 

i 

0 06 I 


3 \ 

4 | 

*1 

/ 

4 

2 

5 

7 

6 

I 

6 ' 

i 


2 1 

November 

! 

O i 

O | 

0 07 

o nr» 

0 02 

0 I 

0-05 

0 04 

0 04 

0 03 1 

0 04 | 

0 02 

0 11 


0 1 

1 

0 

2 

3 

2 

0 1 

1 

1 

2 

1 , 

, 2 | 

* 

2 

December 

0 63 1 

0 46 

0 27 

0*37 

0 67 1 

j 

0 57 ! 

0 70 1 

0 79 | 

0 47 

0 38 

! 

' 0 52 I 

0 76 

0 68 


15 | 

i 

11 

7 

S | 

12 | 
1 

12 i 

i 

12 | 

12 

l 

15 

10 

11 \ 

“ 

15 


Winter .. 

3 12 

1 

2 76 1 

2 32 

2 55 

3 61 

4 41 

4 36 

4 21 

4 68 

4 45 

4 28 

4 68 

6-13 | 


70 

68 

61 

63 

77 

75 

SI 

91 

71 

01 

58 

66 

70 

Summer 

2 05 

3 00 

1 24 

2 07 

2 38 

1 82 

3-65 

1 92 

0 96 

0 67 

0 58 

1 06 

1 02 


31 

35 

32 

37 

39 

36 

30 

20 

15 

15 

15 

12 

11 

Monsoon 

11 25 

16 14 

15 32 

23 26 

24 60 

30 27 

29 64 

26 25 

26 35 

27 36 

20 71 

29 19 

26 84 


76 

74 

99 

112 

153 

154 

146 

153 

127 

109 

106 

126 

131 

*ntumn 

0-61 

0 27 

1 

0 15 

0 33 

0 17 

0 03 

0 80 

0 41 

0 45 

0 30 

0 30 

0 22 

0 17 


3 

4 

6 

7 

6 

2 

6 

8 

8 

6 

8 

6 

4 

Ytrr .. 

17-03 

22 17 

19 03 

1 

28 21 

30 76 

36 53 

38 45 

32 79 

32 44 

32 78 

25 87 

35 15 

34-16 


180 

181 

198 

219 

275 

267 

263 

i 

272 

221 

191 

187 

210 

2. 18 


(A) Average' recorded by the self-recording 

( B) Average recorded by ordinary raingauge 
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number of ‘ ram-hours ’ (Italics) in the period 1889 to 1922 . 
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Table II . — Total inches of ram (Roman) and of ‘ rainrhours ’ (Italics) under eight 
directions and calms in the period 1889 to 1922. 




Tabu: III . — Average amount of rain in a * ram-hour ' during each hour in the four seasons and the year. 


HOURLY RAINFALL AT LAHORE. 


23 .) 



Summer 
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Table V . — Percentage frequency of winds (Roman) and percentage probability of rain 
(Italics) under eight directions and calms. 


— 

N. 

NE 

E 

SE 

S 

SW 

W. 

NW. 

Calm. 

January 

26 2 


6 4 

6 8 

2 7 

2 3 

8 9 

32 3 

9 0 

1 3 

8 1 

7 8 

7 9 

9 9 

3 3 

1 0 

0 7 

0*5 

February 

24 4 

8 2 

mm 

6 8 

3 0 

2 8 


31 6 

6*6 

1 3 

2 4 

4 7 

6 3 

4 9 

4 9 

HKQ 

0 7 

1*0 

March . 

23 0 

10 8 

8 2 

6 8 

3 8 

4 8 

9 3 

28 1 

4-2 

/ 6 

2 6 

i 3 

4 1 

3 6 

1 6 

0 8 

0 8 


April . 

27 3 

12 0 

8 0 

6 1 

4 4 

4 2 

8 4 

2 15 ft 

4 0 

0 6 

1 4 

1 1 

7 0 

0 t 

0 s 

0 2 

0 7 1 


May 

22 7 

19 2 


12 0 

(i 0 

0 0 

9 0 

16 8 

3 3 

0 S 

1 t 


0 0 

0 fi 

0 6 


0 6 

0-0 

Tune 

10 8 

7 7 

n - r > 

20 0 

8 r> 

11 7 

11 0 

11 ft 

3-7 

2 0 

4 3 

2 5 

1 4 

0 9 

0 5 

0 7 

1 9 

0-0 

July .. 

8 1 

8 0 

17 7 

20 3 

10 5 

10 4 

0 8 

ft 5 

3 7 

6 3 

6 6 

5 / 

3 2 

3 3 

1 7 

1 t 

2 2 

1 2 

August 

7 9 

7 7 

18 1 

25 2 

10 9 

9 5 

8 9 

ft 7 

5 1 

5 4 

5 0 

3 I 

2 2 

3 7 

/ 6 

7 7 

2 0 

0 2 

September 

11 0 

10 0 

13 2 

10 9 

7 r > 

9 1 

13 9 

11 ft 

ft 7 

7 S 

2 3 

2 2 

1 8 

7 S 

0 t 

0 i 

0 i 

0 0 

October 

21 0 

8 8 

10 5 

11 3 

6 9 

4 9 

8 8 

19 8 

9 0 

0 2 

0 7 

0 6 

0 5 

0 1 

■U 

0 7 

0 1 


Novombor 

>6 3 

5 1 

HER 

5 0 

1 6 

l 9 

8 6 

32 8 

12 8 

0 2 

0 7 

mm 

0 2 

0 6 

0 J 

By 

0 1 


December 

24 5 

6 7 

6 4 

4 2 

1 0 

1 9 

8 4 

3ft 6 

11 7 


1 2 

5 3 

2 4 

5 4 

2 6 

7 3 

0 3 

0 3 

0 7 

Winter 

25 0 

7 5 

7 1 

5 0 

2 8 

3 0 

9 1 

31 9 

7 9 


7 t 

4 1 

4 8 

6 9 

5 3 

2 6 

0 7 

0 6 

0 7 

Summer 

22 2 

11 3 

10 7 

11 3 

5 8 

0 4 

9 3 

19 2 

3 7 


0 7 

1 5 

0 8 

0 8 

0 6 

0 7 

0 4 

0 5 

0 0 

Monsoon 

9 5 

8 5 

If) 9 

23 3 

9 5 

10 0 

10 2 

8 4 

4 7 


3 9 

4 6 

3 8 

2 4 

2 8 

1 1 

\mm 

1 0 

0 3 

Autumn 

23 (> 

7 0 

8 2 

8 2 

3 8 

3 4 

8 7 

26 2 

11 0 


0 2 

0 7 

0 5 

0 4 

0 2 

0 1 

0 0 

0 1 

0 0 

Year . 

19 7 

8 6 

10 6 

12 3 

5 5 

5 8 

I 0 4 

21 6 

6 6 


1 3 

3 1 

2 9 

2 4 

2 i 

1 2 

Hi 

0 6 

0 3 
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FIG 3 DIURNAL VARIATION OF RAIN DURING THE YEAR AT LAHORE 
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MEASUREMENT OF VERTICAL CURRENTS IN THE ATMOSPHERE, MAINLY 
OF THERMAL ORIGIN, WITH PILOT BALLOONS. 

BY 

K. R. RAMANATHAN 
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K. P RAMAKRTSHN IN. 

(Recenrd on l(Hh Aptil 1031) 

Nummary — The paper discusses the results of some Measurements of vertical currents m 
the at m asp here obtained with Jiftless hallo ms o* Poon i Tl.-*se billoo'i^ were lirst earned up to 
different heights in the atmosphere vnmng fiom about 0 “» km to ! 2 0 km and released there by 
means of tuned fuses On eleai da\s in the div season \ erica 1 currents arc generally wreak in 
the mornings and marked m the afternoons on one occasion the upwranl \eloeitv went up to 14 
km /hr The vertical currents obsened on Mime da\s with cumulus and » umulo-nimbuH clouds 
are also described 

In the paitieular ascents discussed in the piesent note, the \ettieal ( urrents w( re mainly 
theimal in origin and not due to How’ of inr o\er obstacle- 

Introduction. — It is well-known that vertical currents of considerable 
intensity and extent are of fairly frequent occurrence m the atmosphere. Measure- 
ments of such currents are however few, the mam reason for their scarcity being 
that the vertical velocities are generally small compared to the horizontal velocities 
of air movement. In Europe, manned balloons and pilot balloons have been used for 
their investigations 1 ” 4 In the Forschungs-Institut of the Rohn-Rossitten 
Gesellschaft 5 which devotes special attention to the scientific study of motorless 
flying, sail-planes (gliders) have been utilised for studying the vertical currents 
developed under a wide variety of conditions, such as those associated with wind 
movement over hilly country, convection over msoluted ground growth of cumulus 
and cumulo-nimbus clouds and movement of line-squalls hi Britain, the up and 
down movements caused by eddies in gusty weather have been inferred from the 
fluctuating readings of accelerometers earned in aeroplanes 6 The systematic use 
of tailed balloons for the measurement of upper winds in India has provided many 
examples of marked vertical currents but few of them have been published, the 
only exception being the results obtained at Agra on a d«i\ nf slightly disturbed 
weather. 7 In the present note arc discussed some experiments carried out at 
Poona on the measurement of vertical currents m the atmospheic by the use of 
liftless balloons. 

Methcd used. — The pilot balloons used for investigating the vertical currents 
were provided with tails of 25 metre's length with paper flags attached to them at 
6£, 12J and 25 metres and small bags of sind near the lowe^ flag. The weight of 
the sand and the amount of hydrogen m the balloon were so adjusted that the com- 
bined system of balloon, tail, flags and sand had no resultant free lift. This system 
was carried up to the required height \>y means of another balloon and released there 
by means of a tinted fuse. The sand-ba; practically eliminated the slant of the tail, 
and the flags, in addition to Serving as end-marks for the moving base-line, also 
MSSDGofOb 213 
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helped to damp out any tendency to pendular motion of the tail. Except when the 
altitude of the balloon was more than 65° the angle subtended by the balloon and 
flags as read in the scale of the eye-piece of the theodolite could be used to determine 
with fair accuracy the height of the balloon. Readings of azimuth, altitude and tail- 
length were taken every half-mmute The balloons used were of rubber and either 
of 90” or 70” size, the weight of the sand-bag being usually 50 gms The no-lift 
condition was adjusted to within - or ft inns the small net lift being generally 
positive. With the particular weight of balloons, load and free lift, a residual 
free lift of 2 gms. w'ould mean a rate of ascent of about 1 • 5 km./hr.* 

Results. — The balloons w r ere released at different times of the day varying 
from 8 hrs to 18 hrs Notes on some of the successful ascents made on different 
days are gi\en below In the tables which follow, the following symbols have been 
used. 

Ho — Height above ground in kilometres at which iftless balloon was detached 
H x , Hn -Maximum and minimum heights reached by liftless balloon, 
t — Duration of flight of liftless balloon m minutes. 

24th Deckmbkr 19ft0. — Clear, anticydonic weather prevailed over Poona on 
this day and four successful ascents were made. 

TABLE I. 


Ascents on 24th December 1930 



Time 

H 0 

H x 

j H n 

t 


hrs I S T. 

(km ) 

(km.) 

i (km ) 

i 

j (mm ) 

1103 


' 

0 o 

0 7 

1 0 5 

: i<> 

1234 

. . 

1 1 j 

1 3 

! 11 

1 34 

1411 

. 

l-2i> • 

1-3 

0 8 

1 19 

1618 

. ! 

1-4 | 

1*8 

| 0 5 

1 49 


The height-time curves of the balloons are shown m Fig. 1 The 


Km 



Fig. 1. Height-time curves of some Pilot Balloons sent up on 
24th Decemb er 19i*0 

♦As there would he a small, hIow leakage of gas from the balloon and os the amount of the 
leakage would \ary from balloon to balloon, it was not considered worth while to make ft commo- 
tion on this account. 
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time at which the liftless balloon was detached is indicated by an arrow. The first 
ascent shows an abnormally low rate of ascent for the combined system of balloons 
being only 6 km./hr. against the normal 7*5 km 'hr The second and third ascents 
show an excess rate of ascent of about 2 km./hr. The ascent at 1411 hrs. shows a 
downward current of 5 km./hr. lasting for about 5 minutes followed by an upward 
current. The last ascent shows an upward current lasting for 2-3 minutes. It is 
probable that the gradual descent of the last balloon which commenced about 50 min. 
after release was due to leakage of gas. On the whole, the vertical currents were 
feeble on this day. 

20th January 1931. — There were eight ascents on this day, details about which 
are given in Table 2 below * — 


TABLE 2. 


Ascents on 20th January 1921 


Time 

(hr« ) 

H o 

(km.)- 

(km.) 

«n 

(km) 

t 

(nun.) 

0839 

0 4 

0 4 

O 3 

7 

0921 

0 9 

0 9 

0 8 

19 

1006 

0-8 

0 8 

0-6 

11 

1049 

20 

21 

1-0 

44 

1216 

31 

3 2 

31 

0 

1307 

1*9 

2*2 

0 2 

64 

1445 

0-6 

1-7 

0 1 

100 

1652 

Liftless balloon not released. 



On this day also, the weather was cloai over Poona, although a western disturbance 
was active m the North-West Frontier Provinces and the Punjab. The trajectories 
of the balloons sent up between 0839 and 1216 hrs. showed that at those times 
there was a southeasterly wind up to about 1*3 km. above ground and a westerly 
wind above. In the afternoon, there were large and irregular changes of horizontal 
movement probably connected with the mixing of the lower and upper layers of air 
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In Fig, 2 are shown the height-time curves of all the balloons sent up on this day and 
the trajectories of those sent up at 1216 and 1 445 hrs The height-lines of the morning 


Km 



Fig 2. Height-time curves and trajectories of some Pilot Balloons sent 

up on 20th January 1931. 

flights do not show strong vertical currents, but the flight at 1216 Ins. shows abnor- 
mally high rate of ascent before the release of the liftless balloon. The two balloons 
sent up at 1307 and 1445 hrs. show vigorous up and dowm currents lasting for com- 
paratively long periods of time. 

In the second of the above two flights, the mean rate of ascent of the combined 
system before the release of the liftless balloon was only 3 km./hr. against 7*5 
lon./hr. w T hich would normally be expected. Upward and downward velocities 
going up to 14 km./hr. and 9 km./hr. respectively were shown by the latter course of 
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the liftless balloon. In the flight commencing at 1652 hrs. although the liftless 
balloon was not released, there are unmistakeable signs of vertical currents. 

11th February 1931. — There was a very weak low pressure area over the east 
Central Provinces connected with i western disturbance. The weather over Poona 
was clear. The times and other details of the ascents are tabulated below. 

TABLE 3. 


Ascents on 11th February 1931. 


Tune 

(hrs.) 

l H 0 

(km ) 

H x 

(km ) 

Hn 

(km.) 

t 

(min.) 

0827 

0 9 

! 1-4 

0-9 

21 

0921 

1-2 

1 5 

1-2 

11 


Liftlcss balloon not released. 



1033 

1 7 

1 23 

1-7 

12 

1123 

Liftk^s balloon not released. 



1301 

1-8 

2 0 

1 8 

8 

1350 

0-8 

1 2 

0-8 

21 


The height-time curves and trajectories of all the ascents on this day are given 
m Fit/. 3 . The trajectories show an interesting change of upper wind during the 
day. In the morning, there was an easterly current about 0-9 km. deep near the 
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surface with a westerly current above. The former became shallower with the 
progress -of the day and disappeared by 1300 hrs. The height lines of the ascents, 
which are given in the same figure show that although there were vertical currents, 
they were rather feeble. The strongest currents were shown by the balloons sent up 
at 1350 hrs., the vertical velocities going up to only 3 km./hr. 

The ascents on this day show that from the mere fact that there exist two 
superposed streams from different directions, one cannot infer that the vertical 
currents that may be developed will be intense. The lapse-rates of temperatures in 
the two layers and the change of temperature taking place at the transition will 
naturally determine the stability as regards vertical displacements. Unfortunately, 
no temperature data are uvilablc to compare conditions on this day with those on 
20th, January 1931. 

29th March 1933. — There were only two successful ascents on this day, one at 
0817 hrs. and tlu» other at 1243 hrs. The liftless balloon was released at 1*0 km. 
m the first ascent and at 0 0 km. in the second. The first showed only an ascending 
current with an average strength of 3 km /hr and the second both ascending and 
descending currents of about the same average strength. 

8th April 1933. -This was also a clear day, but it was cooler than normal in 
the central parts of the country, Gujarat and the eastern parts of Bombay Deccan. 
Information about the ascents is contained m Table 4. 

TABLE 4. 


Ascents on 8th April 1933 


Time 

t (his ) 

H o 

(km) 

H X 
(km ) 

“n 
(km ) 

t 

(min.) 

1004 

i 

1-2 

1 7 

i 

i 

1-2 

i , 

i ; 


9 

1049 

1-7 

3 0 

1-7 


20 

1242 

1*3 

2-0 



19 

133P 

f 

0-4 

0-7 

0-4 


16 

Mlft 

1-8 

2*4 

1-8 


20 

m 

0-6 

0-9 


i 

i 

30 


0-8 

M 

0*7 

j 

29 
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The height-time curves of the balloons are shown m Fuj. ] Perhaps owing to 


Km 



Fig. 4. Height-time curves of some Pilot Balloons sent up on 

8th April 1933. 


the extra instability due to the coolness of the upper air, the rates of ascent were 
exceptionally high m the first, three ascents before the release of the liftless balloons 
and there were also strong upward movements of the liftless balloons One is 
tempted to suspect- that there was some error in free lift, but the original records 
do not show anv special reason for suspicion Assuming that there was no error in 
the measurement, the intensity nt the ascending currents were from 1 to 10 km /hr. 
The afternoon ascents show both ascending and descending currents For example, 
the flight commencing at 1507 hrs shows descending currents of 2-6 km /hr and 
ascending currents going up to 6 km./hr. 


10th April 1933. — There were only two ascents on this day ; both were made 
in the afternoon at a time when there was growing cumulus The first ascent 
commenced at 1533 hrs. and the second at 1637 hrs Thunder was heard between 
1615 and 1725 hrs It is interesting to note that m the second ascent, there was 
sustained upward current from the giound up to 3 3 km , the average upward 
velocity being about 4 km./hr. and the maximum velocity about 7 km /hr. 


9th October 1934.- -There was an extensive, diffuse low pressure area lying 
over the whole of the Bay of Bengal and part of the Deccan. On the afternoon 
of this day, there were thunderstorms at Poona and its neighbourhood , rain fell at 
Poona between 1552 and 1600 hrs. Twelve special ascents were made on this day, 
particulars of eight of which are given in Table 5 . 
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TABLE 5. 


Ascents oil 9th October 1934 

Time 

1 H 

H 

H n 

t 


i 0 

X 



(hrs.) 

' (km ) 

(km ) 

(km.) 

(min ) 

0930 


1 1 

02 

9 

0941 

; 2-6 

3 2 

2 6 

16 

1015 

1 1 1 

2 0 

1 1 

23 

1105 

1 3 

1-3 

1 2 

4 

1245 

2 3 

1 2 8 

2 2 

11 

1325 

! 0-7 

1-7 

0 7 

25 

1408 

i 1-6 

1 7 

1 *6 

0 

1516 

j 0 5 

1 7 

0-5 

33 


The height-time curves of all the ascents and the trajectories of three of them 
are shown m Fig. 5. The ascent at 1245 hrs. showed a large upward current of nearly 



Fig. 5. Height-time carves and trajectories of some Pilot Balloons sent 

np on 9th October 1931. 
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16 km./hr.* before the release of the liftless balloon Both upward and down 
ward currents were shown by other ascents also, the one sent up at 1325 hrs. indicat- 
ing up and down currents of about 8 km./hr It is interesting to note that there were 
considerable differences between the trajectories of the balloons sent up at 1245. 
1325 hrs and 1516 hrs. the first one showing a northerly, the second a southerly 
and the third a northwesterly wind between 0 5 and 1 5 km The autographic, 
charts of wind and temperature, which are reproduced m Fig 6 (Plate 7), show weak 
winds with fluctuating direction till 1525 hrs and moderately strong westerly to 
west-northwesterlv wind later. The fall of dry bulb and rise of wet bulb tem- 
perature a little before the onset of the westerly wind is noteworthy It suggests 
that the westerly wind was of the nature of a sea-breeze 1 * Ram commenced about 
half an hour after the beginning of the westerly wind 

12th Octoijer 1034 —On this day, the low pressure area in the Bay was con- 
centrating into a depression Thundershowers occurred extensively m the Deccan 
There were cumulus and cumulonimbus clouds at Poona and four special ascents 
were made, all m the afternoon, particulars of which are given in Table 6*. 

TABLE (5 


Ascents on 12th Oi tuber 1034 



Fig. 7. Height time carves and trajectories of some Pilot Balloons 

up on 12th October 1934. 


w T as a shower between 1445 and 1455 hrs and another between 1550 and 1620 hrs 
Vertical currents going up to 7 km./hr. are noticeable m all the height-lines. The 
trajectones show that a northeasterly current at 1421 lirs.f was replaced by a south- 
easterly at 1540 hrs. The autographic charts from Poona are reproduced in Fig. S 
(Plate II). 

*To obtain thu, the normal rate of ascent calculated from the net free lift and weight was 
assumed. 

tTraiectory not reproduced 
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Discussion.- The trajectories of the ascents of the no-lift balloons were examined 
with reference to the contour of the surrounding country to see if the vertical 
currents could he associated with topographical features No definite connection 
could be established and it may therefore be taken that the currents revealed by 
these particular ascents were mainly due to thermal turbulence. It should be 
remembered that the releases of the no-lift balloons generally took place at heights 
varying from 0 5 to 2 km. above ground, while the variations of ground-level in the 
region of travel of the balloons were not more than 0 2 km. 

The strength of the up and down currents recorded abo\e may be compared 
with some of t hose observ ed in Europe Gei man wot k« rs, using liftless pilot balloons 
released from aeroplanes have obseived veitical currents going up to 10 km /hr. 
(2 8 mps) on a hot afternoon An upwuid wind of neurlv 12 km /In (3 2 mps.) 
was experienced at a b(.<*nfion1 In Krouleld Jiving in his sail-plane " Wien' between 
the heights of 050 aud IbOO metres Still st longer were the currents encountered 
by Sedan in a toweling cumulus in which the vertical velocity went up to more than 
21 km In (0 mps ) The leadings obtained m England with accelerometers carried 
in aeroplanes fixing m gusty weather showed vertical currents whose* most frequent 
velocities lav between 2 and 5 km 'hr but occasional! v went up to 18 kin dir 
(17 ft 'see ) in cumulus clouds 

Recent lv, regular flights of pilot balloons with extra ballast, to reduce the slant of 
the tail have hern made at Poona and these show that measurable vertical currents are 
noticeable m the first two kilometers on more than 50°, , of tin* sunny da vs between 
10 hrs. m the morning and sunset Even on clear days, their magnitude ina/ be as 
much as on cumulus davs The maximum upward velocity that has been observed 
with pilot balloons is 15 km 'hr in hcavv cumulus weather Then* have 
however, been other occasions, especially during thunderstorms, when sounding 
balloons having a normal rat** of ascent of about 10 km 'hr. have been carried down 
from heights of about 10 km. to 2 or 3 km and again been carried up These facts 
show that the intensity of the vertical currents experienced m India arc about the 
same as those met with in Europe, but it is probable* that they often extend to 
greater heights 

Gliders of modern design have rates of descent, as low as 2 to 3 km dir and 
it is clear that on most sunny days m the Deccan (and presumably m other parts 
of the country as well) the thermal currents that are dove 'oped after 10 o'clock 
would be capable of sustaining soaring llight of gliders for a few hours at a tunc. 

All the members of the staff of tin* Upper Air Section have taken part in this 
work m sonic wav or other, and our best thanks an* due to them fur their hearty 
co-operation. 
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FIG. 6 WEATHER AT POONA ON 9-10-1934 














Plate II. 



FIG 8 WEATHER AT POONA ON 12-10-1934 
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NORMAL MONTHLY PERCENTAGE FREQUENCIES OF UPPER WINDS AT 
4, 6, 8 AND 10 KM ABOVE SEA-LEVEL OBTAINED FROM PILOT BALLOON 

ASCENTS 

Normal monthly direct ions and velocities of upper winds at practically all 
available 1 heights at eight of the* oldest pilot balloon observatories under the India 
Meteorological Department were published in Scientific Notes Vol 1, No. 7. Frequ- 
encies for heights up to 3 km from 13 pilot balloon stations wen* published m the 
form of wind-roses m Scientific Notes, YoJ J, No 8 To meet the growing needs of 
a\intion, this was supplement ed m 1930 bv tables of monthly percentage 
frequencies .it l>2 stations in Sc lent i lie Notes, Vol. 2, No 17. 

In connection with a study of the upper air circulation over India during the 
winter and monsoon (Scientific Notes, \ol 3, No 21) Banerji and Ramanathan 
prepared frequency tables at higher le\cls also, using the data of 13 stations up to 
the end of 1928 These weie gradually extended in tin* Upper Air Section, Poona, 
and th<» piesent note contains wind In quenrics at I, (>, 8 and 10 km. at 34 stations 
prepaid! out of all available data of morning ascents up to the end of 1931. It is 
believed that the data will be of help to investigators of the upper atmosphere and 
will also meet special a\iation lequneinents such as occurred during the Mount 
Everest ilight m 1933 and the England-Austialia Air Race in 1934. It is practically 
ceitain that piooress in aeronautics will at no distant date, demand from meteoro- 
logists, inhumation about upper winds above 3 km even for routine flights. 

It may be pointed out that the limits adopted for grouping the wind speeds in 
these frequcncv tables are 5, 10, 15, 25 and 10 nips and are therefore different from 
those used m the pieviously published tables up to 3 km The two sets of speed- 


groups are compared below' 

— 




Ah used in Noto No 17 

r> 

and loss 

(i — 25 

2«— 50 51—75 >75 

km./hr. 

Ah used m pifscnt Note 

<1H 

is- :m 

:m— 51 54—00 {Ml— 144 

>144 km./hr. 


Normal values of resultant directions and velocities of winds at different levels 
up to 8 km. have also been calculated using all data up to the end of 1931 and will 
soon be published in a paper on the Circulation of the Atmosphere over India and 
the neighbouring regions 

A list of pilot balloon stations, the data of winch have been incorporated in the 
present paper together with their geographical co-ordinates, heights above sea- 
level and remarks regarding dates of their opening, etc., is given below. 
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List of pilot balloon stations, data for which are given in this note. 


No. 

Station. 

Lat. (N) 
(deg min ) 

Long. (E) 
(deg min ). 

Height 
a 8 1. 
(raotroa). 

Date of 
Starting 

Remarks. 

1 

Adon 

1246 


10 

24-10-29 

Closed on 1-3-32. 

2 

Bahrein 



14 

2-11-27 


3 

Muscat (Bait-al-Falaj) 

2337 

5836 

24 

23-9-27 


4 

Gwador 

2507 

6220 

10 

23-9-27 


5 

Karachi (Drigh Road) 

2450 

6704 

30 

31-8-25 


6 

Quetta 

3012 

6700 

1655 

19-6-21 


7 

Peshawar 

3402 

7137 

363 

16-9-21 

t'lonod b o t w e o n 
24-4-22 and 3-12-23. 

8 

Lahoro 

3134 

7421 

221 

20-3-18 


9 

Simla 

3106 

7713 

2130 

Apr. 1913 

Closod on 26-5-28. 
Occasional observa- 
tions prior to 1913. 

10 

Delhi 

2839 

7717 

210 

16-11-29 

11 

Ahmodabad 

2302 

7238 

55 

19-5-28 


12 

Ajmer 

2627 

7414 

497 

1-5-28 


13 

Agra 

2710 

7805 

181 

12-2-14 


14 

Allahabad 

2528 

8151 

111 

28-2-30 


15 

Patna 

2537 

8510 

67 

1-5-28 


16 

ltangpur . . 

Tozpur 

2545 

8918 

40 

25-1-29 

Closod on 1-7-30. 

17 

2637 

9253 

76 

9-11-28 


18 

Calcutta 

(Ahporo and Diamond 
Harbour). 

2232 

8820 

22 

23-7-23 


19 

Dacca 

2343 

9024 

21 

14-4-28 


20 

Chittagong 

2221 

9153 

35 

31-10-28 


21 

Akyab 

2007 

9257 

10 

27-2-19 

Closed b o t w e o n 
20-8-20 and 12-8-21. 

22 

Mandalay . 

2159 

9608 


19-11-28 


23 

Rangoon 

1647 

9613 

H 1 

30-7-28 


24 

Jubbulporo 

2310 

7959 


30-7-28 


25 

Ranchi 

2323 

8523 

650 

25-1-29 

Closod on 1-7-30 

26 

Sambalpur . 

2128 

8401 

153 

17-6-30 


27 

Poona 

1832 

7351 

588 

30-5-15 

Closod b o t w o o n 
31-10-15 and 5-1-25. 

28 

Hyderabad (Begumpot) 

1726 

7827 

555 

1-9-29 


29 | 

Waltair 

1741 

8321 

56 

24-9-28 


30 

Mangalore . . 

1252 

7453 

40 

4-6-28 


31 

Bangaloro . . 

1258 

7736 

936 

19-5-18 


32 


1304 

8015 

13 

8-4-26 


33 


1141 

9245 

i 86 

13-3-26 


34 j 


0831 

7700 

73 

8-12-28 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

JANUARY. 


Speed 

limits 

n 

0 

N 

NE 

E 

SE 

9 

8W 

W 

NW 

.!• 

N 

NE 

E 

SE 

S 

sw w 

m/s. 











1 







ADEN. 







4 km 






6 km. 



5—10 

13 

62 





8 


16 

15 

8 

13 

13 






37 


10—16 


. . 

, . 


, . 

. . 

. 

, . 

. , 


, . 

. . 

. . 

. 

13 

. . 

. 

13 

. 

, t 

15—26 

•• 


• 









• 




• 


• 

•• 

13 






8 km. 






10 km. 



6—10 

4 

m 








25 

1 

100 





.. 

. 


.. 

10—16 


, 

, . 

26 

. 


. . 

# 

26 




. 


. 


. 

. . 

. 

. , 

15—26 

•• 

•• 

• 

• 




• 

26 


” 

• 






• 




BAHREIN. 




4 

km. 






6 

km 



6—10 

66 

3 






1 

11 


23 

4 


. 


4 


.. 

4 


10—15 




, , 


e 


3 

35 

5 

. , 


. . 


, 


. . 

, , 

. . 

. , 

15—26 

, 9 







5 

23 

5 





. 




48 

4 

25—40 

• 




• 


•• 


6 

5 

■ 




• 




30 

1 



8 

km. 





■ 

10 km. 



6—10 

4 

0 









.. 










10—15 

9 










■ 






. 


. 


15—25 

. 

, 

. 



. . 



60 


■ 






. 

. 

. 


26 — 40 









25 


■ 



. 

m m 


, 


. . 


>40 











fl 

• 



•• 

• 


■ 

• 



MUSCAT. 


6—10 

10—15 

15—26 

26-40 

78 

8 

•• 


4 

km. 


5 

6 

1 

10 

23 

29 

1 

H 

8 

35 

0 

• 


6 

km. 

• 

3 

6 

3 

12 

43 

14 

*6 

14 




8 km. 






10 km. 




6—10 

7 

0 







1 


. 1 



. 

. 



1 



10—15 









1 


1 







. | 


. . 

16—25 



14 






43 

14 







. 



. 

25-40 


• 






14 

14 








• 

■ * 

• 

■ • 


GWADOR. 





4 km. 




6 km. 




6—10 

56 

4 


2 



2 

2 

16 

5 

23 

13 





. 

4 

9 

4 

10—15 

. . 

. 





. 


21 

13 




4 


. 

. 

4 

13 

4 

15—25 

m 







4 

13 

11 






. 

. , 

4 

17 

4 

28 — 10 

• 

•• 

• 





• 

5 

4 

■ 




• 



■ 

13 

4 




8 km. 




10 km. 




5—10 

12 

33 







8 


12 

60 






m , 

8 

8 

10-15 

m 








25 

m 





. . 


. . 

. . 

. . 

25 

15—26 

m 9 








8 





, , 

. 

. 

. 

. . 

. . 

8 

25-40 

•• 

•• 

•• 





• 

8 

17 

•• 


• 

• 

• ■ 

■ • 


•• 

•• 

• • 


n represents the total no of observations, 
and C represen ts a the percentage number of oases when speed was leu than 5 m/s. 
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PERCENTAGE FREQUENCIES OF 1 ’ ITER \V I NJ>S at 4, 0, 8 and 10 km. in 

JANUARY. 


I I | i I ! II ■ i ! i 

n 0 N NE I E HE S ' MW I W N\\ n j <’ X NE| K HE H jHW j \\ MV 


« 

1 i i 

i , .id 

*1 

111 , 

0 

i 

■ , ■ ,1 

. ! . ; 

, H JJ 

< 



■ 

1 " 1 

i!l 

i 

i 1 . 

i 0 J"» 

• i 

7 



1 ■ i 

•i 


l> , S' li 
i) it ' n 
t Jo i: 

i 



1 

8 km 

10 km. 

6—10 

6 0 

1 o 

10—16 

17 


16—26 

H 17 

ion 

26-40 

17 17 


PESHAWAR 



4 1 

km 


6—10 

232 34 2 3,1] 

J 1 * 

s JJ 11 

10—16 

1 1 i 

i 

l 

3 14 3 

16—26 


1 

1 1 - , 

26—40 

• • i 

; 


>40 

i 

1 



8 

km. 


6—10 

93 1 1 


1 

10—16 

• ! 


1 2 J 

16—26 

3 

1 1 

r» 31 o 

26—40 



J 17 11 

>40 

. 


0 1 


6 km. 
II I 


t 7 4 

t* IS 1 o 

t 2J , s 

2 7 I 

• 1 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

JANUARY. 



AHMEDABAD 




n lepresents tho total no. of observations, 
and C lupresenta the pcrocntage number of caeca when a peed was less than 6 m/s. 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. In 

JANUARY. 


Speed 

limits 

n 

C 

N 


E 

SE 

s 

1 

sw 

w 

NW 

n 

C 

N 

NE 

E 

SE 

s 

sw 

W 

NW 

m/s. 




|NE 





i 



















m 

m 











4 km. 



1 




6 km. 




5—10 

413 

6 






4 

13 

m 

326 

0 

1 



. . 



2 

1 

10- 15 






6 

24 

u 








2 

G 


16—26 

26—40 








4 

1 

21 

o 

s 






• 


5 

2 

i 

37 

28 

•J 

5 

G 

>40 


















i 

O 





8 km. 








10 km. 




6—10 

170 

0 







1 

1 

47 

0 







2 


10—15 








1 


1 



2 






2 

2 

16—25 



1 





5 

19 

1 







2 

15 

11 

25—40 








4 

39 

8 





. 



6 

15 

>40 



• 





1 

16 

5 


• 






4 

34 1 

4 


ALLAHABAD. 





4 km. 





6 km. 



6—10 

25 

0 







12 

10 

13 

0 


. 




. 



10—15 









30 

20 







. 


23 

a 

15—25 









8 

8 



• 


■ 



8 

54 

8 




8 km. 





10 km. 



5—10 

3 

0 









2 

0 









1(»— 15 















• 


• 



• 

15—25 









07 



. 

• 




• 


50 

• 

25-40 





• 




33 


• 








60 

_ 


PATNA. 





4 km. 







8 km. 




5—10 

10—15 

15—25 

25—40 

>40 

72 

0 





•• 

1 

• • 

4 

18 

39 

4 

7 

21 

6 

.10 

0 

• 

• 

•• 

• 

•• 

3 

3 

47 

25 

3 

3 

3 

14 




8 km. 







10 km. 




5—10 1 
10—15 
15—25 
25—40 

2 

0 





• ' 



50 

30 

1 

• 

• 



• 

• 


• 

• 


RANGPUR. 


5—10 

10—15 

15—25 

25—40 

>40 


4 km. 


20 


10 


6 km. 


n represents the total no of observations* 
and C represents the percentage number of oases when speed was less than 5 m/s. 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

JANUARY. 


Speed 

limits 

n 

c 

N 

NE 

£ 

SE 

S 

sw 

w 

NW 

n 

i 

, 

r | n 

l 

NE j E 

SE 

S 

SW 

W 

m/s. 










i 

1 

1 

i i 






TEZPUR. 


4 km. 


6 km. 


5—10 

10—15 

15—25 

25—40 



10 

3 

9 

0 

10 

7 



41 

7 



10 





10 km. 


11 

22 

33 

22 


5—10 

10—15 

15—26 

26—40 


2 | 0 



4 km. 


CALCUTTA. 


8 km. 


5—10 

10—15 

15—25 

25—40 


233 


3 


3 

11 

o 

119 

2 

30 

10 


1 

27 

9 



1 

1 



1 


5—10 

10—15 

15—25 

25-40 

>40 



8 km. 


10 km. 


1 

8 25 

4 61 

4 


1 3 

3 17 3 

8 45 4 

3 12 


4 km. 


DACCA. 


6 km. 


5—10 

69 

0 


10—15 



1 

15—25 




25- 40 






4 


29 

0 

3 

11 

1 




56 

10 




10 





7 

31 
3 41 


5—10 
10—15 
15—25 
25 — 40 
>40 



8 km. 


10 km. 


33 


33 


33 


CHITTAGONG. 

4 km. 6 km. 


5—10 

10—15 

15—25 

25-40 

51 

0 

•• 


4 

im. 


6 

4 

8 

45 

22 

^ 00 

15 

0 



o « 

LIU. 

•* 


7 

27 

33 

27 

7 




8 

km. 






10 km. 



5—10 

1 

0 

. , 

. . 




. . 









* 



.. 

10—15 

, , 

. . 

. . 

. . 






. 






• 




• • 

15—25 









100 










• • 

• • 

25—40 

• • 

• • 









• • 





* 






n represents the total no of observations, 
and C represents the percentage number of cases when speed was loss than 5 m/s. 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

JANUARY. 




n represent*) the total no of observations, 
and V represents the percentage number of cases when speed was less than 5 m/s. 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

JANUARY. 





M48GofOb 


n reprr sentH the total no of obligations, - * . 

and C represent*! the percentage number of ca*«oR when upped was less than o mfi 
















180 


PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. In 

JANUARY. 



MADRAS 



n represent* the total no. of observation a, 

•*** U represents tb® pofoent^e somber of oasts whan speed wm less than 5 m/s. 


























PERCENTAGE FREQUENCIES OF UPPER WINDS at 4*6. 8 and IQ km. in 

FEBRUARY. 



n represent* the total no. o t obaercatfens, 
ap4 £ represents the percentage number of o a f when speed was If than 5 m/tk 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

FEBRUARY. 


Speed 

limiU 

I 

n 1 

I 

C 

1 

n : 

NE; 

.1 

i 

SE ! 

! ! 

s ;s\V! 

1 

w ! 

NW 

i 

i 

» 1 

0 | 

N 

NE 

E 

SE 

S 

SW 

W 

NW 

m/s. 

I 


1 i 


i 1 

i 

i 



i 

i 

' 
















KAR 

ACH1 












4 km. 







6 km. 




5—10 

136 

5 

1 

1 




4 

15 

7 

106 

0 






1 

4 

2 

10—15 



2 





1 

23 

8 



1 





3 

8 

3 

15—25 








3 

10 

7 



1 





2 

43 

8 

26—40 









3 

1 









21 

3 


“■ 



8 

km. 







10 km 




5—10 

36 

0 







3 


6 

0 









10—15 









3 

3 









17 


16—26 



3 





3 

10 

3 










26—40 









53 

3 









67 

17 

>40 









6 

3 












QUETTA. 

4 km. , « km. 


6—10 

10—16 

15—25 

26—40 

>40 

177 

5 





1 

1 

3 

6 

4 

8 

27 

12 

5 

12 

12 

4 

1 

54 

4 






2 

0 

6 

9 

31 

15 

2 

4 

13 

4 

2 




8 

km. 







10 

km. 




6—10 

!5 | 

13 



* i 



1 



5 

20 



1 

. 





10—15 








7 

7 

7 











16-25 









20 












26—40 








7 

33 









, 



>40 









7 










60 

20 


PESHAWAR. 

4 km. 0 km. 






% Km. 








uo. 




6—10 

194 

35 

2 

2 

1 

1 

3 

7 

10 

10 

164 

4 

2 

1 


1 


5 

9 

2 

10—15 



1 



1 

3 

3 

6 

b 



1 



. . 


6 

15 

6 

16—25 








3 

1 

3 



1 




1 

6 

21 

10 

25—40 

















1 


4 

6 

>40 


’ 


















1 





8 

km. 







~ 10 

km. 




5—10 

95 

1 







1 

1 

38 

0 









10—15 



2 





5 

4 

3 









11 

3 

15—25 



1 





7 

27 

5 



3 





3 

8 

8 

25—40 









20 

9 








3 

21 

8 

>40 







o 


C 

3 









24 

11 


LAHORE. 

4 km. ii 6 km. 




a am. 




i 





6—10 

269 

12 


1 


1 

4 

7 

19 

9 

173 

1 





2 

3 

1 

1 

10—15 







1 

4 

12 

12 






1 

6 

12 

3 

1 

15—25 








1 

7 

r, 



3 




2 

25 

20 


25—40 













1 




3 

10 

4 

1 

>40 



















2 




8 km. 





10 km. 





5—10 

90 

3 





2 

2 

1 

17 

6 









10-15 








2 

2 

2 









12 


15- -2 5 








C 

11 

8 









18 

12 

26—40 



1 





3 

22 

14 









29 

12 

>10 








1 

13 

4 








6 

6 



n represents the total no of observations, 
and C represents the percentage number of vases when speed was lsss than 6 m/s. 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

FEBRUARY. 


Speed 


i 

1 


| 


1 

1 


! 1 i 

. i 1 ! 1 

I 

1 
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n 

C ' 

N | 

NE | 

E 

SE I 

S 

sw ! 

W , 

N\V 

n 

C 

N 

NE 1 

E ■ 

8E i 

S 

SW : 

W I 

NW 

m/s. 


1 

1 

1 1 


l 


I 

1 


1 ' 1 

l i 1 '■ 

1 

j 








81M 

LA. 








4 km. 





6 km. 




5—10 

324 

36 

1 



4 

7 

8 

10 

13 

204 

4 






4 

7 

1 

10—16 






1 


1 

3 

9 








7 

9 

6 

16—26 






1 




5 








8 

24 

12 

26 — 40 






•• 













12 

5 




8 km. 





10 km» 




5—10 

113 

1 







2 


30 

3 







3 

3 

10—15 







i 

1 

1 

1 



» 






3 

3 

15—25 




. # 

# # 



3 

13 

7 









17 

3 

25—40 








6 

41 

9 








3 

20 

3 

>40 






•• 



11 

4 



3 





3 

23 

7 







DELHI. 








I 

cm. 



I 


6 km 




5—10 

38 

5 






8 

13 

5 1 

23 

0 









10—15 







« . 

3 

32 

18 . 








4 

9 

9 

15—25 









11 

3 









39 

22 

25—40 








3 


•• 









17 





8 

km. 





10 km. 




5—10 

7 

0 









1 

0 









10—15 





















15—25 









29 

14 











25—40 









57 












>40 



















100 







AHMEDABAD. 








4 km. 




1 

6 

km. 




5—10 


3 

6 





4 

I 11 

9 

39 

0 







10 

5 

10—15 


, 

1 





1 

24 

4 



3 






26 

8 

15—25 








7 

EM 

4 








5 

26 

5 

25—40 







•• 

•• 

4 









3 

10 





8 

km. 





10 km. 





8 

0 







13 


1 

0 








EJ 
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15—25 









37 












25 — 40 









25 

i3 











>40 









13 













| 





AJMER. 








4 

km. 




1 

6 km 




5—10 

78 

5 






6 

3 

r, 

51 

0 








2 

10—16 



3 





8 

28 

12 









8 

8 

15—26 








9 

10 

5 








4 

35 

12 

25—40 









4 

1 








2 

27 

2 




8 

km. 





10 km. 




6—10 

4 

0 



















10—15 



















t # 

. 

15—25 








. # 

50 

25 










. 

26—40 

• • 







•• 

25 











•• 


n represents the total no of observations, 
and C represents the percentage number of cases when speed was lees than 5 m/s 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

FEBRUARY. 



ALLAHABAD. 

4 km. i| e km. 


6—10 

19 0 

2 

0 .. 

10—15 

5 



16—26 

68 6 


. 

25—40 

23 


100 


PATNA. 


5—10 

10—15 

15—25 

25—40 

>40 


5—10 

10—15 

15—26 

25—40 

>40 



3 

3 12 

36 12 

27 3 



6 km. 

7 7 

< 13 13 

33 7 

7 7 


6—10 

10—15 

16—25 

26—40 


6—10 

10—15 

16—25 


TBZPUR. 



n represents the total no of observations, 
and C represents the percentage number of eases when speed was less than 5 m/s 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km in 

FEBRUARY. 


Speed | 


c ^ 

N 1 



i 

i 



1 


1 1 l 

1 



1 



1 

limits 

m/s. 

n 



NE] 

E 

SE 

j 8 

sw 

w 

NW 

n 1 C 

M_ 1 

N 

|NE 

1 

E 

SE 

i 

i 8 

8W 


CALCUTTA. 





6—10 

10—15 

15—25 

25-40 


CHITTAGONG. 




n represents the total no of ol scrvations, 
and C represents the percentage number of oases when speed was less than 6 m/s. 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

FEBRUARY 
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PERCENTAGE FREQUENCIES OF UPPER W INDS at 4, 6, 8 and 10 km. in 

FEBRUARY 
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6—10 64 20 6 3 

10—16 6 
16—26 

1 8 km 10 km 
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10—16 | 

16—26 I 
26—40 
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6 km. 




6—10 

46 60 . . 4 

11 2 

2 4 

4 

2 i 

23 26 4 

11 2 2 

4 

4 

2 

10—16 

2 


2 

7 

1 

2 


2 

7 


16—26 


2 

• 

4 

2 ! 


2 


4 




8 km. 



1 


10 km. 




6—10 

10 — 16 
16—26 

1 

• 


100 




. 

1 

- 




n represents the total no of observations, _ 

and C represents the percentage number of cases when speed was less than 6 m/s. 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

FEBRUARY. 


Speed 







| 

i 
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n 

C 

N 

NE 

E 

SE 

H jsW 
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n 

C 

N 

NE 

E 

SE 

S 

sw 

w 

NW 
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i 1 

4 km 6 km. 


6—10 
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48 

2 

11 

9 1 

4 


2 

5 

1 2 'i‘208 1 

36 | 

6 

8 

6 

3 

3 

5 

7 

6 

10—16 



1 

1 4 

6 


2 j 

1 

1 

I 

1 

1 

2 

3 

3 

2 

1 

1 

4 

1 

16—26 




1 

l 

! 




1 


I 1 

ij 

1 


1 





2 







8 km 








10 km. 





6—10 

191 

32 

6 

6 

3 , 

2 

1 4 

4 

0 

8 

'106 j 

26 



3 

2 1 

6 

8 

8 1 

2 

10—16 



3 

1 

1 

1 

1 

2 

8 

4 

| 


1 

1 


1 

2 

4 

10 1 

7 

16—26 



3 


1 




5 

3 

| 


3 





0 

9 

1 

26 — 40 








1 



i 








2 



MADRAS. 






4 
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6 km. 





6—10 

106 

64 

0 

15 

1 


6 

2 

4 

2 

74 

34 

7 

1 



3 

11 

8 

11 

10—16 



3 

2 

1 

1 

1 

2 

1 




4 

1 



3 

1 

7 

4 

16—26 













1 





1 

1 


26—40 



















1 

•• 

— 





- 








- - 

- 



- 

- 

- - 

- 





8 km. 







10 km. 





5—10 

37 

14 

5 

3 




6 

14 

11 

16 

13 





7 

7 1 

20 


10—15 



6 




3 

3 

6 
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7 

20 


15—25 



3 





3 

11 

6 









7 

7 

26—40 


• 
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PORT BLAIR. 
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0 
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6—10 
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64 

3 

6 

8 

2 

1 

2 

4 

2 

87 

50 

2 

> 

2 

3 

6 

9 

0 

3 

10—15 





1 

3 

l 

l 

1 

o 



1 

1 

1 



1 

6 

. . 

16—26 








1 






2 




2 

2 

1 

26—40 

























8 

km 








10 km. 




6—10 

62 

36 

4 1 

2 1 

8 


12 | 

8 

0 

. 

31 

36 

3 



0 

13 

3 

0 


10—16 



2 




4 

2 

2 

4 





3 


10 

10 



16—26 



2 



o 


2 

0 




3 j 






3 


25—40 










2 









3 



TRIVANDRUM. 


1 





4 km. 








6 km. 



62 

24 

2 

0 

24 

19 

6 

3 

2 

3 

43 

6 


2 

28 

12 

6 


7 


10—16 



2 

2 

3 

2 



2 




2 

5 

23 

7 

5 




16—25 










2 









• • 







8 km. 








10 km. 


6—10 

9 

0 



22 


1 




1 

0 


. 


100 




. . 

10—15 





11 

22 

11 







. 




. 

. . 


16-25 





22 

11 








• • 





* * 

_ 


n represents the total no. of observations, 
and 0 rep r e s ents the pe^*en+fMre number of oases when speed was less than 5 m/s. 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

MARCH. 


Speed 

limits 

n 

C 

N 

NE 

| 1 

E SE | 8 

1 

SW 1 W NW II 

c 

1 

N I NE 

E 'NE 

s 

sw 

w 

NW 
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l ! 

1 . 

1 



1 
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5—10 

JO — 15 

26 

58 

8 

8 

4 

4 

12 

4 

cm 

4 




4 

18 

33 

ti 


6 

km. 

6 

6 

6 

6 

22 

6 

6 

6 






8 km 






10 km. 





5—10 

0 

33 



11 



11 

22 


6 

33 









10—15 








11 










17 

33 


15 —25 










11 









17 



5 — 10 
10-15 
15—25 
25 -45 


5—10 

10-15 

15—25 

26-40 


4 km. 


51 I 10 | 2 


8 km. 
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10 


14 


6 km 


2‘1 


10 km. 
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4 km. 







6 km 




8—10 
10—16 
16—26 
26— iO 

'.2 

24 

2 


2 


o 

8 

10 

24 

6 

11 

3 

8 

*17 

*1 






11 

8 

6 

22 

10 

5 

8 

10 

3 





8 km. 







10 km. 




5—10 

10—15 

15—25 

26—40 

11 

0 






! 

3t» 

36 

27 

4 

0 







1 

75 

25 



4 km. 


GWADOR. 


6 km 


6—10 

59 

27 


10—16 



3 

16 — 26 




26—40 




>40 





5 

3 


12 

12 

12 


12 

8 


10 


0 I 3 


3 



3 

13 

5 

8 

13 


28 

15 


3 

3 


3 

3 


8 km. 


10 km. 


5—10 

10—15 

15—25 

25—40 


22 

44 

22 



n represents the total no. of observations, 
fuul U represents the percentage number of cases when speed was loss than 5 m/s. 
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PERCENT AUR FREQUENCIES OR UPPER W INT)S at 4, 6, 8 ana 10 km. in 

MARCH. 
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21 
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- - 
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12 
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15—25 

4 

40 
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26—40 


4 
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5—10 

216 23 4 2 1 2 7 

20 

13 190 

8 2 

1 1 


1 4 

7 

7 

10—15 

1 2 t> 

8 

0 

2 

1 


1 4 

14 

9 

15—25 

1 

2 

1 

o 



5 

10 

6 

25—40 







l 

0 

2 

* 

8 km 


— 


10 

km. 




5-10 

100 5 2 

4 

1 51 

o 



2 

8 

4 

10—15 

2 

12 

12 




4 

o 

2 

15—25 

1 l 

25 

11 


2 


2 

20 

6 

25-40 

l 1 

10 

5 

i) 



4 

18 

10 

>40 

1 

3 

1 





10 

4 



n represents the total no of observations, 
and (' represents the percentage number of cases when speed was less than 6 m/s. 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

MARCH. 


Speed 
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! 

i i i 
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1 i ■ | 
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0 

N 

NE 
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__l_ U 
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L_|. 
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4 km. 





6 km. 




6—10 

89 

16 

2 




3 

6 

13 

10 

67 

12 

o 




.. 

5 

7 

4 

10—16 








6 

11 

7 








2 

18 

7 

16—26 



1 





4 

13 

1 








9 

16 

9 

26—40 


. 







3 

o 









6 

4 

>40 




















2 




8 km. 



__ 


10 km. 




6—10 

14 

7 







7 

7 

4 

0 







: 


10-16 









21 

7 









26 

. . 

16—26 

. 


7 





1 7 

14 

14 








. , 

76 

, , 

26—40 

• 

• 

• 






7 








• 


• 

•• 


n represents the total no of observations, 
and C represents the percentage number of oases when speed was less than B m/i 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

BIARCH. 


Speed 

limits 

n 

' 1 : , ' | 

O N 1 NE ! E I SE j H ' HVV i W | NW 

; 

n I (’ 1 N ! NE 

E 

8E 

a 

sw 

w 

1 

NW 

m/s. 


M 1 L 1 L 1 1 ■ 

1 ' 1 | 

! i 1 

1. J 




1 

L 


ag h** 


6—10 

10—16 

16-26 

26-40 

406 

6 

1 

1 

i 

4 

km. 


2 

5 

5 

n 

19 

16 

9 

14 

8 

326 

t 

1 

1 


8 

[m. 


1 

1 

4 

l 

5 

9 

38 

14 

4 

7 

8 

4 

1 




8 km. 







10 km. 




6- 10 | 

190 

1 

1 





1 

3 

.1 

79 

1 


1 





1 

4 

lo-ir* ; 









7 

'! 



l 






6 

6 

16—26 | 



1 

1 




2 

28 

«) 



1 






23 

9 

26—40 | 

i 


1 





1 

27 

3 








1 

19 

3 

~>40 | 

1 

i 








11 

1 









23 

1 


ALLAHABAD 


4 km. 


6 km 


6—10 

10—16 

16-26 

26-40 


37 


1 

10 

32 


8 km 


11 

14 

14 



10 km. 


11 

6 

37 

6 


11 

11 

11 


6—10 

10—16 

16—26 

26—40 



26 

26 

26 


o 



100 


PATNA. 


4 km. 


6 km. 


6—10 

10—16 

16—26 

26-40 


64 


7 

6 

26 

4 

11 

17 



21 

21 




4 




4 

8 

8 

20 


12 

20 

24 


8 km. 


10 km. 


6—10 

10—16 

16—26 

26-40 


10 


lo 


30 


0 


76 


26 


RANGPUR. 


6—10 

10—16 

16—26 

26—40 


20 | 24 


4 km. 

3 


14, 3 
7 17 

21 

7 


6 km. 


11 i 0 


0 

18 


n represent? the total no of observations, 
and C represents the percentage number of eases when speed was less than 6 m/s 






143 


PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km in 

MARCH. 


Speed 




1 : 

NE E 1 HE | S ; KW 

| | j 

1 

| 

! i 1 1 . ■ i 
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n 

C 
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n . r ! N NE \ E 1 HE | N J HW | \V 
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— 

. 

— - 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

MARCH. 




8—10 43 7 6 

10—18 2 
18—28 
28—40 


8-10 4 0 

10—15 
15—26 
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n represents tlx* total no of observations, 
ami C represents the percentage number of csaes when spew) was less than 5 m/s 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 0, 8 and 10 km. in 

MARCH. 



M48DG<rfOb 


n represents the total no of observations, 
and O represents the percentage number of cases when speed was less than 5 m/i 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km- in 

MARCH. 


Speed 




i | , ; ! ! 

1 1 i | i 

, 

| l 

limits 

n 

c 

N 

NE 1 E 1 SE g S\V , W , NW 

n ' C 

N 1 NE 1 E 

m/e. ' 




U__U_ I J 1 . 

i 

, 1 

1 


SE 1 S ! S\V : W | NW 


I 


5—10 

10—16 

15—26 


5—10 

10—16 

15—26 


39 


49 


4 km. 


8 kra 


MANGALORE 


33 


33 


33 


18 


44 


6 km. 

0 


10 km. 


22 


100 


17 


BANGALORE 

4 km. 6 km 




5—10 

363 

42 

1 

11 

11 

4 

1 

1 

1 

i | 

281 

44 

4 

6 

5 

G 

3 

2 

7 

5 

10—16 



1 

12 

8 

1 




i ! 

1 


o 

2 

3 



2 

2 

1 

16—26 

' 



2 

1 









1 

1 




1 

1 






8 km. 




i 





10 km. 





6—10 

197 

28 

4 

4 

3 

o 

2 

4 

5 

i 

5 

105 

2G 


1 

i 2 

1 

1 

1 5 

9 

1 f> 

10—16 



6 

1 

3 

1 

3 

3 

11 

3 



1 

1 

1 

o 

»> 

1 4 

14 


16—26 



3 





2 

G 

4 

| 


1 

1 



3 

G 

9 

3 

25—40 





1 



1 

1 


1 






1 

1 



MADRAS 







4 km. 



5—10 

130 

55 

6 

14 

9 

4 

2 

1 

10—15 



1 

5 

1 

1 



15—25 




1 










8 km 



5—10 

43 

30 


9 

6 


7 

i 

10—15 

15—25 

• 


o | 


5 


2 








6 km 




o 

98 

44 

2 

8 

14 

7 

6 

2 

7 




2 

o 


1 


1 




- 



10 

tm 


- 


14 

15 

33 

7 




1 

13 

13 






13 



7 



PORT BLAIR 







4 km 








6 km. 





5—10 

128 

62 

2 

6 

14 

9 

3 

3 

4 

2 

109 

38 

3 

8 

14 

13 

2 

3 

3 

4 

10—16 





3 

l 


1 






3 

4 

1 

l 


3 


15—26 
















l 










8 km 








10 km 





8—10 

54 

26 

b 

11 

11 

G 



I y 


32 

44 



3 

m 


3 

9 


10—15 



2 

2 

G 

4 

! t 


2 

2 




3 

9 

H 

3 

3 

G 


15—25 





2 










■ 

■ 



9 



TRIVANDRUM 

4 km 6 km. 


5—10 

59 

15 

6 

7 

25 

7 

m 


O 


24 

21 



17 

8 

4 




10 — 15 



2 

3 

5 

7 

5 

3 





4 

4 

17 

21 





15—26 






2 


o 












4 






8 km. 



- - 




10 km. 

5—10 

4 1 




50 




25 


1 

0 









10—15 

1 

o | 




25 
















n represents the total no of observations, 
and C represent* the percentage number of cases when speed was lees than 6 m/s. 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. m 

APRIL. 


Hpeed 

■ 



i 








1 




limits 

n 

C 

N 

N IS 

K 

HE 1 H 

sw 

W 

NW 

n 

C 

N 

XE 

E 

HE 

s 

SW 

W 

NW 

in/. | 

\ 


i 

i 


, 








i 











AD 

EN 











4 km 







6 km. 




5—10 

28 

30 

7 

IS 

11 





7 

17 

r i«l 


0 





6 

• # 

HI — l.rj 




7 

11 










b 


6 



0 

16— 21 
















b 



6 

• • 




8 km 







10 km. 




6—10 

8 

23 





n 




1 

31 






. 

. 

- 

10—15 




13 





13 

37 








33 



15--25 

















• 



33 

, 






BAHREIN 











4 km. 







6 

km 




3 -10 

60 


4 



3 

3 

4 

1* 

12 

31 

20 



3 



6 

IS 

1 

10—15 



1 





3 

13 

1 



3 




3 

10 

□ 

f. 

15—25 






1 

1 

6 

t> 

3 



3 




3 


6 

i 

23—40 








l 

3 










. 


40 
















3 










8 

km 







- 


“10 

km 


— - 

3- 10 

r> 

0 






13 

7 

7 

8 

0 







• 

, , 

10—15 








20 

20 

13 









13 

. . 

15—23 







7 


7 









25 

37 

13 

23—40 



















13 

• 

40 



7 

















•• 








MUSCAT. 











4 km 







d km. 




5—10 

81 

43 

2 

•I 

7 

o 


2 

0 

6 

1 M 

17 

8 


2 



13 

32 

2 

10—15 




o 


1 


2 

11 

a 

1 


1 





2 

8 

2 

16 — 25 










I 








2 

4 

6 

----- - 



- - 


8 

km. 

— 

-- 




1 

— 

- - 

10 h 

im. 


” 

‘ 

- 

3—10 

18 

0 

11 






11 

6 

; 9 

0 

Li 







, . 

10—15 








6 

28 

11 

i 


U 




11 

U 


. • 

16—23 









11 

11 

1 


11 






33 

. 

2o— 40 









8 


i 








• 

• • 








0WAD0R 

. 








! 


4 km. 







ft km. 




5—10 

G4 

44 

G 

5 


2 

8 

3 

5 

ft 

40 

20 

4 

2 




14 

12 

14 

10—15 



5 





3 

8 

2 , 



4 





4 

8 


15—25 



2 





2 

3 









8 

0 


23—40 




















2 













— 

— 

— 

— 

— 

— 

- 

- - 





8 km. 







10 km 




6— 10 

15 

13 

7 







n 

G 

0 







n 


10—15 









40 








• 


17 

17 

15—25 








7 

13 










50 


25—40 









7 

I 









mm ^ mm 


- 


n represents the total no of observations, 
nnd C 1 represents the percentage number of ua-»es when sp.'oj was less than 5 m/s. 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

APRIL. 


Speed 

limits 

m/s. 

n | 

1 ° ^ 

I 

N | 

NE 

j E 

SE 

| S 

|8\vl 

w 1 

1 

NW 

i 

“i 

c 1 

1 

N 1 

ne| 

E ' 

SE 

S 

siJ 

w | 

NW 

I 

II 


KARACHI. 


6—10 

10—15 

16—25 

26 — 40 

133 

30 

6 

2 

6 

2 

4 ki 

2 

m 

1 


5 

1 

4 

10 

9 

10 

2 

8 

3 

4 

97 

16 

3 

1 

2 


8 

km. 


l 4 

6 

1 6 

2 

9 

12 

10 

5 

11 

4 

8 

1 






8 km. 







10 km. 




6—10 

35 

6 







14 

6 

13 

8 







8 


10—15 



3 






9 

3 








*8 1 

23 


15—25 








3 

14 

23 








8 1 


16 

25—40 








3 

14 

3 









*8 

21 















BB 

■■ 


■ 

■ 

iBB 



QUETTA. 





4 km. 







6 





5—10 

228 

22 

3 



1 

1 

5 

17 

10 

98 

10 

i 

1 

1 

n 

B 




10—15 



3 




1 

1 

7 

13 






H 

Hi 



n 

15—25 

, 






. 

2 

4 

8 



2 



■ 

M 

mM 


m 

26 — 40 













2 



■ 

■ 

m 


I 




8 km. 








m 

■ 


6—10 

36 

3 



3 


3 

3 

1 3 1 

3 

2 



m 

■ 

■ 

m 

■ 

| 


10—15 








6 

Bja 

14 










50 

15—25 



3 





H 

17 

11 




illB 

mu 

■ 

^m 




26—40 








6 

11 








m 




40 









3 



H 


■ 

■ 

■ 

■ 

H 




PESHAWAR 



n represents the total no of observations, 
and C r s presents the percentage number of oases when speed was less than 5 m/a. 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

APRIL. 


Speed 

limits 

n 

C 

N 

NE 

£ 

i 

SE 1 S 

svv 

w 

NVV 

n 

.1 

N 

1 

i 

NE 1 E 

'ill 

III! 

m/s. 

i 





1 1 







1 


SIMLA 


5—10 

10-16 

15—25 

25—40 

378 

38 

1 

’ 


1 

4 

3 

1 

1 

3 

2 

1 

9 

1 

21 

12 

3 

265 

10 

2 

• 

• 


2 

2 

10 

4 

3 

18 

12 

13 

1 

9 

8 

6 

1 





8 km. 








10 km. 





5—10 

176 

7 

2 




1 

3 

7 

5 

96 

5 







3 

2 

10—15 







1 

7 

15 

6 1 

, , 







4 

11 

7 

15—25 








5 

21 

4 



2 





5 

29 

3 

25 — 40 








2 

8 

3 i 

1 







1 

17 

3 

40 








1 

1 


1 





• 


1 

4 

1 


DELHI 


4 km. 6 km 

I 


6—10 

33 

6 

3 





6 

18 

24 

19 

5 






11 

5 

11 

10-16 




. . 

. . 

, . 


3 

27 

12 




. 





11 

21 

16—25 














• 




11 

16 

11 




8 km. 






10 km. 




5—10 

6 

0 

. 








2 

0 









10—15 










17 





# 






15—25 

. 








33 

50 










50 

25—40 

1 











■ 

■ 


• 


•• 


• 

50 



AHMEDABAD 


4 km. 


0 km. 


6—10 

10—15 

15—26 


77 


25 


8 km. 


3 

12 21 6 | 

48 

10 

2 


12 U 1 



2 

1 

0 1 ; 

i 

1 _ 






6 17 10 

2 8 23 6 

8 4 


10 km. 


5—10 

10—15 

15—25 

26—40 



7 

14 

7 

5 


7 

14 



7 

21 


7 


7 



20 

40 


20 

20 


AJMER 


5—10 

10—15 

15—25 

25—40 



i 

5 

• 

4 k 

m. 

4 

7 

4 

8 

17 

17 

5 

10 

12 

1 

51 

8 

2 

• 

6 

km. 

2 

1° 

(» 

8 

10 

20 

14 

2 

6 

10 

4 














10 km. 





5—10 



■ 

■ 

■ 

■ 

■ 


17 

8 

m 

EM 








17 

10—16 



■ 





8 

8 

25 









33 

17 

15—26 


H 

■ 

B 

■ 

■ 


8 

25 

. 







• 



il 

17 

i 


n represents the total no of observations, 
and C represents the percentage number of oases when speed was less than 5 m/s. 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6 f 8 and 10 km. in 

APRIL. 


Speed 

limits 

m/s 

n 

1 

c 

N 

NE 

E 

SE 1 S 

1 

i 

sw 

w 

N\V 

! 

n 1 C 

i | 

N 

NE 

1 

1 

£ ! SE 

1 

1 1 

„ 

1 S 

1 | 

SW 1 W I NW 

'Ll... 





i 


AGRA 


B— 10 
10—15 
15—25 
26-40 

40 

388 

1 

1 1 

7 

2 

1 

1 




1 

»i 

8 

o 

11 

21 

0 

1 

i 

7 ||312 

15 

i i 1 

!i | 

3 

1 

2 




1 

1 

0 

0 

1 

5 
22 
2G 

6 

1 

5 

12 

5 

2 








i 










8 km. 




i 


10 km. 





5- 10 

178 

3 

1 






3 

1 '1 7b 

3 







4 


10—15 



1 





1 

13 

7 ' 







1 

7 

7 

15-25 j 








3 

27 

11 J 


1 





1 

20 

7 

25—10 . 



1 





4 

17 

5 







4 

20 

5 

" ] 

1 •• 

1 




• 


1 

3 

il 



■ 





7 

1 


4 km. 


ALLAHABAD. 


5 — 10 | 31 

.1 






2b 

10 i 12 

0 


10—15 1 







2b 

13 , 



15-25 | 







13 

10 ' 



25—40 | 













8 km. 


6 km 


10 km. 


5—10 

10—15 

15—25 


0 


50 




8 


26 

8 

33 


4 km. 


PATNA 


6 km. 


5—10 | 

1 42 

10 


2 

1 

i 

12 

5 

10—16 





i 


2 1 

1 14 

12 

16—26 1 

1 




I 


1 

2b 

17 

25—40 





1 






6—10 

10—16 

16—25 


8 km. 


13 


25 


10 km 


11 , 11 
17 
17 
b 


100 


5-10 

10—16 

15—25 

25—40 


4 km 


RANGPUR 


nn 

n 

m 

■ 

■ 

m 

■ 

■ 

i 

m 

m 


■ 


■ 

■ 

■ 



■HI 



















il 

1 

1 

1 

1 

1 

1 

| 

B 

1 

1 

■ 

1 


1 

1 

1 




6 km 


TEZPUR 







IBM 

■ 





6—10 

10—16 

16—26 

26—40 

I 

H 

1 

1 

1 

1 

1 

1 

i 

i 

2 

I 

1 

1 

1 

1 

1 


1 

60 


n represents the total no of observations, 
and C represents the percentage number of oases when speed was less than 5 m/a. 
















PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

APRIL. 


Speed 
limits 1 

n 

C 

N 

NE 

E 

SE 

.! 

i 

8VV j 

W 

NW 

n j 

C j 

N ''NE] 

1 

E j 

i 

SE | 

S 

1 

SW ' 

W |NVV 

m/s 

1 


i ; 

| 

1 


i I 




i 

i 

\ 

• 

' 



1 

i 










CALC1 

JTTA 














4 km. 








6 km. 





6—10 

175 | 

rt , 

3 1 

i 

i 

1 

1 

10 

12 

111 

6 

2 j 




1 

2 

7 

4 

10 — 15 

i 

1 i 



1 

l ! 

18 

27 








3 

10 

16 

15—25 

25—40 



, 1 1 
i 

i 

! 1 
1 

1 

i 

i 

i 

i 

! 

! 

1 9 
' 1 

I 

11 



1 | 






1 29 

7 

_ 





8 km 








10 km. 





5—10 

24 

4 I 

4 

i 



i 


4 

8 

4 

0 

25 | 






50 

25 

10—15 







4 

13 

13 










15—25 








8 

29 

4 











25—40 









4 

4 










___ 


DACCA 


4 km 


5 — 10 i 41 
10—15 
15-25 
25-40 


0 km. 


13 | 0 


CHITTAGONG 



MANDALAY. 


5—10 

10—15 

15—25 


4 km. 


44 I 14 


6 km. 


9 I 0 



11 

22 


n represents the total no of observations, 
and C represents the percentage number of cases whon speed was less than 5 m/s 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

APRIL. 


Speed 

limits 

n 

C 

IK 

NE 

E 

8E 

8 

aw 

W ! NW 

i 

n | C 

N 

NE 

£ 

8E 

s 

sw 

w 

% 1 

m/s. 









1 1 
| ; 

_ ' _ 










RANGOON 


6—10 

10—16 

49 

67 


6 

Ik 

m. 

4 

10 

10 

o 

8 

o 

34 

26 

3 


6 

km. 

• 

9 

38 

12 

12 





8 km. 









10 km. 




6—10 

6 

17 







.3.7 

17 











10-16 





















16—26 







i 

17 

i 

17 











• 


JUBBULPORE. 


4 km. 


6 km. 


8—10 

62 

13 





2 

10 1 

19 

10 

10—16 

16—26 



3 l 



2 


10 

21 

11 


36 

3 

3 



3 





, 


6 

14 

14 



9 

11 

23 




9 

6 


8 km. 


10 km. 


8—10 

10—18 

16—26 



3.3 


33 


1 I 0 


33 


100 


RANCHI 





4 km. 







6 km. 




8—10 

10—16 

16—26 

36 

11 






3 

8 

44 

11 

8 

14 

13 

8 

8 





1 

16 

16 

23 

16 




8 km. 







10 km. 




6—10 

10—16 

16—26 

26—40 

6 

0 


* 

. 




20 

40 

20 

20 

n 

0 






60 

60 

. 


SAMBALPUR. 






4 km. 







6 km. 




8—10 

10—16 

16-26 

29 

17 

7 




3 


21 

17 

3 

24 

7 

21 

19 



• 



10 

10 

29 

24 

10 





8 km. 







10 km. 




6—10 

10—16 

16—26 

26 — 40 

i° | 

10 






10 

10 

20 

20 

10 

20 

4 

0 







26 

26 

60 



n represents the total do of observations^ 
and G represents the percentage number of cases when speed waaless than 6 m/s. 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

APRIL. 


Speed 

limits 

m/s. 


ne: e 


se s 


sw 


w 


NW 


POONA 


4 km. 


NE E I SE | S | SW 

I ! 


6 km 


W 


NW 



HYDERABAD. 


5—10 

10—15 


5—10 

10—15 

15—25 

25—40 


4 km. 



39 


33 


M 


6 km. 

3 


10 km. 


5 I 21 
5 8 


13 


WALTAIR. 


4 km. 



MANGALORE. 



M48COOB 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

APRIL. 


Speed 

limits 

n 

0 

N 

NE 

! I i 

E 1 HE , H , S\V 

1 

W ,NW 

, ; i i i 

n ■ C N . NK 1 , K SK 

H 

HW 

W 

NW 

m/s. 




l _ 

1 1 I 

) i ■ ' 

1 

l i ' 1 ll 


1 


_ 


BANGALORE 

4 km 6 km. 


5—10 

310 

2l» 

it 

l'» 

12 

r » 

l 

I 

2 


JO'I 

-»o 

> 

4 

0 

s 

1 

2 

5 

10—15 



1 

17 

7 








> 

_> 

A 

2 

1 

> 

2 

16—26 




(» 

1 









1 

1 

1 


1 

2 






8 km 








10 km 




6—10 

127 

50 

> 

i) 

4 

7 

1 

i 

.1 

*1 




1 

1 

3 

4 1 

0 1 

12 

10—16 



5 

1 

i» 

1 

1 

» 

o 

1 

07 | 

:,4 | 

.1 | 


1 


.1 | 

1> 

7 

16—25 



1 

»> 




> 

1 









1 


25-40 



















1 


MADRAS. 







4 km 








6 

km 



B— 10 

148 

.17 

7 

22 

s 


i 

l 

2 

1 

110 

51 

■l 

8 

11 

!• 

5 

2 

2 

10—15 



5 

7 

5 








•1 

l 

•1 





15-25 



1 

3 

1 










1 


1 








8 km 








10 km 



5-10 

48 


2 1 

0 

o 

2 

2 

2 


0 


1.0 

7 



7 


7 


10-15 


48 | 

4 1 


o 

> 

2 

(i 

o 

4 










15-26 






2 




2 

13 | 


7 




7 l 



25-40 

1 



o 





i 












PORT BLAIR 



TRIVANDRUM. 



n represents th total no of ohser\alions, 
and C represents the percentage number of cases when speed was less than 5 m/* 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 And 10 km. in 

MAY. 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

MAY. 


Speed 
limits ' 

n 

J 

N 

NE 

E 

1 

SE | S 

Mill 

aw : W ' NW n (' N 

NE 

E 

SE 

S 

sw 

w 

NW 

m/s. 





1 

i ! 

1 i 1 









QUETTA. 


6—10 

10—16 

16—26 

26 — 40 
>40 

237 

17 

3 


4 k 

m. 


3 

7 

6 

1<> 

22 

16 

1 

103 

25 

8 

3 

1 

i) 

6 

km. 

1 

o 

4 

2 

3 

8 

0 

1 

12 

13 

9 

1 

1 





8 km. 








10 km. 





6—10 

63 

11 

(i 

2 

2 

2 


2 

9 

M 

20 , 

1 io 

1 io 

1 

5 


1 

1 5 

1 10 

10 

10—16 



(> 





2 

9 

9 


■ 

mm 




■ 

m 

■a 

16 

16—26 








2 

9 

13 

■ 

■ 

9 



■ 


9 

15 

6 

26—40 








o 


4 

■ 


K 



R 

■ 

■ 

■ 



PESHAWAR 


6—10 

10—16 

16—26 

212 

24 

5 

1 

2 

4 k 

1 

m. 

1 

3 

1 

8 

4 

23 

7 

1 

1 

1 

!» | 

181 

13 

4 

1 

1 

2 

1 

6 1 

1 

1 

tm. 

1 

1 

5 

6 

2 

12 

19 

9 

12 

7 

4 






8 km. 









10' km. 





6—10 

102 

14 1 

2 

1 1 

1 



4 | 

8 

8 

01 

2 

3 

2 



1 

1 2 | 

7 


10—16 



2 





4 

15 

8 | 







1 

5 

10 

13 

16—26 



4 





2 

21 

6 1 



3 

2 




mm 

18 

11 

26—40 









1 

2 | 









8 

2 


LAHORE. 



n represents the total no. of observations, 

C represents the percentage number of oases when speed was less than 5 m/s. 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

HAY. 
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PERCENTAGE FREQUENCIES OF I'PPER WINDS at 4, 8, 8 and 10 km. in 

MAY. 


Kilmta | n ! C N |ne| E 8E 1 8 « 8W W ■ NW 

l i i 

n V i N ne' e se ! a lawi w 

NW 

m/s ! 

I * 

. . 1 i 

i 

“ “ 




ALLAHABAD 


6—10 

10—16 

16—26 

26—40 

ri—10 

10—16 

15—25 

25—40 

33 

6 

3 

3 

4 k 

3 

m 

i 0 

i 

18 

18 

3 

‘1 

18 

0 

3 

11 

27 



6 

cm. 



27 

0 

18 

18 

6 

17 



8 k 

m. 



13 

17 

17 

17 

2 

0 

50 


10 1 

km 




50 


PATNA. 


4 km 


6 km 


5—10 


7 

o 

> 

5 

HI— 15 

58 | 


2 


2 

16—25 1 
25—40 



2 




8 km 



5—10 
10—15 
15—26 
25 — 40 


16 


10 


6 


1.1 

(> 


1*1 


n 

n 

o 


5 




RANG PUR. 


6—10 
10—16 
15- 23 

6—10 

10—15 

15—25 

26—40 

10 

37 | 


4 km 

U 1 

1! 



5 

11 

LI 

5 

5 

6 

10 

0 



6 

20 

km 


10 

20 

10 

10 

lo 

4 | 

0 , 25 j 

1 

' 

8 k 

m 

1 

25 

25 

25 


3 

0 | 



10 1 

km 


33 

33 

33 

• • 


TEZPUR. 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

MAY. 



DACCA 





4 km 




6 

km. 



r»— 10 28 


1 



7 ! 

1 


1 

14 14 

29 

7 I 

14 


I 7 



29 

in — ir> 









14 







7 


If) — 25 , 

.itj 1 







7 

11 !' 












8 1 

km 




10 km 



C— 10 4 | 

1 71 1 

1 






27 

1 

0 




1 

loo | 


CHITTAGONG 

4 km 6 km 



n represents the total no of observations, 
and ( 1 represents percentage number of oases when speed was less than 5 m/s. 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

MAY. 



SAMBALPUR. 



n represents the total no of observations, 
and C represents the percentage number of cases when speed was less than[5 m/s. 











m 


PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

MAY. 


Speed 

limits 

m/a 

n 

C 

N 

NE 

E 

3E 

a 

aw 

w 

NW 

n 

C 

N 

NE 

1 

E 

SE 

S 

aw 

w 

NW 

1 




POONA. 


6—10 

10—16 

16—26 

193 

61 

1 

1 

5 

l 

4 k 

6 

1 

m. 

5 

12 

2 

8 

4 

4 

2 

2 

1 

151 

40 

‘I 

1 

5 

5 

6 

l 

1 

km. 

1 

3 

1 

1 

6 

3 

11 

6 

1 






8 km 














6—10 

102 

34 

5 

2 

4 


2 

1 

7 

1 » 

50 

36 


6 


4 


4 

E9 

1 6 

10—15 



a 





2 

6 

7 



4 




1 4 

2 

D 

8 

16—25 



i 





4 

6 

6 





■ 

■ 

■ 

2 

H 

6 


HYDERABAD. 

4 km. 6 km. 


6—10 

54 

30 


24 

11 


2 

4 


4 

35 

34 

17 

3 

■ 


m 


9 

3 

10—15 



2 

13 

2 




2 

2 



6 

14 

3 




3 

6 

16—25 



2 

4 













■ 



•• 






8 km. 












5—10 

20 

20 

15 

15 




10 

10 


H 

18 

9 


■ 

■ 

■ 

9 i 

9 

m 

10—15 



5 

5 


. 


10 

1 5 

5 








1 9 

1 18 


16—25 









.. 

! 



9 


■ 

■ 

■ 

u 

9 



WALTAIR. 



MANGALORE. 



n represents the toltal No of observations, 
and C represents the percentage number of cases when speed was less than 6 m/a. 


M48DGOB 


a 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

MAY. 



n represents the total No of observations, 
and C represents tho percentage number of cases when speed was less than 5 m/s. 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

JUNE. 


Speed 





















limits 

m/s. 

n 

C 

N 

NE 

E 

SE 

S 

8W 

W 

NW 

n 

! 

1 

c 

1 

N 

NE 

E 

SE 

S 

sw 

w 

NW 


ADEN. 







4 km. 




6 

km. 

5—10 

47 

28 

4 

23 

4 


. 

• 

.. 

4 

25 

4 

. 

12 

8 






10—16 



6 

23 

2 



ISP 





8 

48 







15—25 



2 

2 





■ 

m 

I 





20 
















10 km. 

5—10 




1 25 1 

25 

13 

mm 

mm 



4 | 

0 


1 25 







10—16 

8 l 

^ 1 


26 


. 

■ 

■ 

9 





25 

50 





•• 


BAHREIN. 







4 km. 









6 km. 




5—10 

39 

23 

15 

10 

3 

3 

3 


5 

8 

20 

30 

5 

15 

6 

5 


5 

10 

s 

10—16 



5 



6 

. 


3 

8 





10 



5 



16—26 




3 

3 





5 



5 


’ 





•• 






8 km. 









10 km. 




6—10 

12 

0 


8 

8 



17 

25 

17 

7 I 

! 14 I 


14 


14 



14 


10—16 

15—26 




8 

8 



8 



■ 

■ 






14 

28 



MUSCAT. 







4 km. 







6 

km. 


5—10 

79 

30 

4 

20 

14 

6 

1 

3 


1 

44 

25 

16 

11 

5 



# 4 

2 

9 

10—15 



3 

4 

9 



1 


3 



7 

14 

o 




. . 

2 

15—25 










1 



o 

2 



' 



2 






8 km. 







10 km. 


5—10 



19 

1 6 


6 


6 

6 


8 

87 



. 


. 

. . 


, , 

10—16 

^ l 

| 31 


6 

12 





6 



13 | 





• • 

• • 

* * 


GWADOR. 


5—10 

10—15 

15—25 

38 

26 

11 8 

8 j 16 

4 k 

11 

3 

3 

m. 

3 

•• 




11 

3 

17 

* 

29 

6 

_ 

6 

12 

_ 6 

6 

6 

km. 

6 



12 

18 





8 km. 







10 km. 



5—10 



> 26 1 .. 





25 


2 ! 

100 

. 1 

! 




. 


. • 

10—15 

4 l 

l 26 

26 









• • 





• 


• • 


KARACHI. 


5—10 

10—15 

15—25 

25—40 


5—10 

10—16 

15—25 


4 km 


66 


35 


24 | 13 


8 km. 


6 km. 


47 


28 


10 km. 


12 , 25 


8 I 17 I 8 

8 1 .. i 8 

17 


n represents the total No of observations, 
and C represents the percentage number of cases when speed was less than 5 m/s. 












164 


PERCENTAGE FREQUENCIES OF UPPER WINDS at 4 , 6 , 8 and 10 km. in 

JUNE. 


Speed 

limits 

n 

C 

N 

NE 

E 

8E 

8 

SW 

w 

NW 

n 

C 

N 

NE 

E 

3E 

8 

3W 

W 

NW 

m/s. 


1 

1 


























QUE 

ita. 












4 km. 







6 km. 





271 

31 

7 

1 




4 

10 

22 

143 

28 

3 

2 

3 

1 

3 

2 

8 

18 

10—15 



1 






5 

10 



6 

2 




1 

3 

10 

15—25 

. 


1 






1 

4 



2 






3 

5 

26—40 










1 










1 





8 km. 







10 km. 




0—10 

62 

6 


3 





11 

6 

18 

6 


6 






6 

10—16 



6 

2 




6 

10 

15 








. . 

11 

11 

16—26 








3 

23 

8 









17 

6 

25-40 









3 










39 










PESHAWAR. 











4 km. 







6 km. 




6—10 

210 

38 

5 





9 

20 

20 

165 

21 

7 


1 



3 

17 

14 

10 — 15 



1 




1 

1 

2 

1 



3 

1 




I 

12 

9 

15—25 













1 





1 

8 

1 

25—40 


















• 


1 





8 km. 







10 km. 




5—10 

69 

19 

3 



1 


7 

13 

6 

30 

3 







7 

7 

10—15 

, , 


1 

3 





13 

12 








3 

10 

13 

15—26 



3 






7 

9 








10 

27 

7 

25-40 

, , 








1 

1 









10 


40 














• 






3 









LAHORE 












4 km. 







6 km. 




5—10 

245 

32 

9 

2 




1 


28 

162 

27 

9 


1 


1 

2 

n 

12 

10—16 



6 






3 

7 



2 

1 




2 


18 

16—25 










1 



1 






i 

2 





8 km. 







10 km. 


■ 


5—10 

112 

11 



2 


. . 

l 

8 

8 

51 

6 


• 


2 

2 

. 


2 

10—16 



1 




1 

6 

16 

7 










6 

15-25 




1 




13 

19 

4 








8 


10 

20—40 








1 

2 

1 



2 





6 


2 









SIMLA. 








1 




4 km. 







6 km. 




5—10 


40 , 

3 


• 

5 

2 


3 

21 

202 

39 


1 


1 

4 

9 

14 

12 

10—16 

314 | 





2 



i 1 

1 16 






1 


3 

4 

6 

16—25 








1 1 


1 




• 





1 

7 





8 km. 







10 km. 




0—10 

136 

11 

1 


1 

1 


3 

7 

7 

57 

7 


2 

4 

2 


5 

4 

6 

10—15 


. 

. 


1 

. 

1 

7 

15 

6 






2 


5 

4 

5 

16—25 

. . 


1 

. 

2 

1 

1 

10 

14 

5 





2 


5 

7 

18 

11 

25—40 


•• 






1 

l 

1 








7 

7 










DELHI. 












4 km. 







6 km. 




0—10 

17 

38 

24 

. . 

12 





12 

8 

25 

25 








10—16 

. , 


12 

. . 









13 






13 


16—25 

•• 

•• 

6 

•• 




• 










•• 

13 

13 





8 km. 







10 

km. 




0—10 

10—15 

3 

0 








33 











15—25 

20—40 

•• 

•• 







33 

33 

•- 







• 




n represents the total no of observations, 
and C represents the petoentege rt timber of case* When speed Was lefts than 0 m/s 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

JUNE. 


Speed 












| 








limits 

n 

C 

N 

NE 

E 

SE 

a 

aw 

w 

NW 

n 

C N 

NE 

E 

SE 

S 

aw 

w 

NW 

m/s. 












__ 1 ; 







L_ 


AHMEDABAD. 







4 km. 









6 km. 




5—10 

63 

46 

5 

11 

3 

5 

3 

2 

2 

3 

40 

47 

3 

3 

3 

3 

3 

6 

10 

15 

10—16 




8 

3 

2 

2 


2 





3 

3 




3 


15—26 




6 










3 






•• 






8 km. 









10 

km. 






45 



5 




10 

5 

12 

25 

8 



8 


8 

1 • 

8 

10—15 

20 j 


5 | 





15 1 

10 

5 



8 



8 


8 

1 I 


15—25 



1 















8 

• 



AJMER. 






4 km. 


1 

1 



0 km. 





5—10 

95 

33 

13 

4 

2 

1 

2 

5 

6 

7 

64 

22 

12 

5 

2 

2 

2 

o 

8 

9 

10—16 



6 

4 

1 



2 

5 

1 



12 

3 




3 


6 

15—25 



2 






1 





3 




2 

5 

5 





8 km. 



i 



10 

km. 





6—10 

17 

18 


6 






6 

7 

57 









10—16 









6 

6 











15—25 



18 




6 


23 

12 









ii 















14 



. 





40 

















14 



•• 


AGRA 


4 km 


5—10 

291 

28 

12 

3 

o 


l 

3 

8 

10—15 



7 

1 




1 

4 

15—25 

26—40 









1 






8 km 




5—10 


33 

4 1 

I 

4 

3 

2 ! 

R 1 

9 

10—15 

140 j 


1 

1 1 


1 

i 1 

2 

0 

15—25 



1 





6 

9 

26—40 









1 


6 km 


13 

1211 

33 

5 


4 

1 

3 

6 

13 

12 



1 


1 



3 

8 

3 








1 

3 


j 

- 



10 

km. 

- 

— 

— 

6 

96 \ 

39 1 

3 j 


i 4 | 

3 1 

2 1 

5 1 

8 

4 1 



3 

2 | 

3 

2 

2 

3 

6 

1 1 

!■ 







2 

3 

l 

ii 

'I 







2 



ALLAHABAD. 


5—10 

10—15 

16—25 

24 

17 


8 

4 

4 

8 

km 



8 

17 

25 

21 

17 

13 

12 

5 

8 

40 

20 

17 

6 

8 

8 

km. 


8 

17 

8 

8 

17 

6—10 

10—15 

16—25 

8 

13 

25 

13 

8 k 

13 

m. 




10 

km. 


• 

20 

20 









PATNA. 












4 km 







6 km. 




5—10 

61 

38 



7 

5 

3 

7 1 

11 

7 

37 

41 

3 


8 

8 


3 

14 

5 

10—15 





5 



2 I 

2 

8 





3 



8 

8 


15—25 









3 

3 









‘ 






8 km. 







10 km. 




5—10 

19 

21 




5 

11 

5 

21 


12 

25 





17 

8 


8 

10—15 








21 

5 

5 







•• 

8 

33 


15—25 


• * 







6 








1 

• 


•* 


n represents the total no of observations. 


and C represents the percentage number of oases when Tpeed was less than 5 m/s 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

JUNE. 


Speed 

limits n 
m/s. 


N NE E SE S SW W NW 



CHITTAGONG. 


6—10 9 67 


11 22 .. 2 0 . .. .. 60 50 


AKYAB 





4 km. 



6 km. 




6 — 10 

10 — 16 

67 

Tl 

rim 

7 1 6 

2 2 

1 j 34 

3 1 .. 1 19 I 19 

-1 -1 I 10 

, 6 

3 

:: | • 




8 km. 



10 km. 




6—10 

10—16 

11 l 

36 I 9 

l •• 1 ' 1 

. | 27 1 9 1 9 | . 

••H 9 I 1 

•• 

9 | 33 | 

1 • 1 11 1 11 1 . I 
. . . | 33 1 11 

1 :: 

i"l 

:: | :: 



and 0 represents the percentage number of oases when speed was teas than 6 m/s. 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8, and 10 km. in 

JUNE. 


Speed 

limits 

m/» 

D 

C 

N 

NE 

E 

__ 

4 ki 

SE 

S 

SW 

W 

11 

NW 

RANC 
1! | 

n 

1 

C 

N 

NE 

E 

SE 

S 

aw 

w 

NW 

_ 

6—10 

9 

60 


n. 

11 

00N. 

1 

100 



6 1 

m. 



H 

b 










JUBBULPORE. 










4 km. 








6 km. 


6—10 

46 

40 

18 


7 


2 


4 

16 

20 

65 






5 

Ef 

6 

10—16 



2 

2 

4 




2 






6 




ftil 

. . 

15—26 










2 
















8 km. 








10 km. 


6—10 

8 

37 



13 

13 


13 


13 

6 

50 

17 



17 


17 



10—15 










13 





1 


1 


• 1 












RANGHI. 











4 km. 








6 km. 


6—10 

33 

48 





3 

3 

3 

12 

15 

63 

7 




7 

13 

7 


10—15 








3 

3 

15 











15—25 









3 

6 









7 

. 

26 — 40 
















•• 

• 



7 






8 km. 








10 

km. 


6—10 

6 

17 l 



17 



j 33 

| 33 


2 

0 



r 




■ 

•• 










SAMBALPUR. 










4 km. 








6 

km. 


5—10 



13 1 

10 

. 


1 


3 

10 

16 

50 

6 


6 

6 

6 


6 

13 

10—16 

31 l 

. ! 

3 J 

J 



L 'I 

10 l 

6 

10 

1 


6 













8 km. 








10 km. 


5—10 

3 



1 

1 

33 1 

1 




1 

100 









10 — 16 


33 j 

ill 

1 

1 

1 

1 
























POONA. 











4 km. 








6 km. 


6—10 

90 

65 I 

8 1 

8 i 

4 

4 

3 


7 

o 

49 

69 

2 

8 


6 

6 

2 

4 


10—15 


1 

1 1 


3 

2 

2 






4 

4 







16—25 













2 













8 km. 








10 km. 


6—10 

24 | 

71 

1 8 

13 

4 



1 

1 


13 

40 


8 

8 

23 





10—15 



b 





1 








16 




_ 


HYDERABAD. 

A km. 8 km. 



and C represent* the percentage number of cases when speed was less than 5 m/s. 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

JUNE. 



n represents the total no of observations, 
and C represents the pereentage number of cases when speed was less than 5 m/i 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

JULY. 


















1T0 

PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

JULY. 


Speed 

lmutB 

n 

U 

N 

NE 

E 

SE 

S 

s\v 

w 

NW 

n 

C 

N 

NE 

E 

SE 

a 

sw 

w 

NW 

m/s. 











_ 




i ' 








QUETTA 







4 km. 




| 





6 

km 






276 

36 

0 

4 

1 


1 

3 

1.1 

16 1 

142 

36 

9 

6 

6 

1 

5 

4 

8 

7 




1 






7 

6 1 



1 

5 

1 


1 

1 

1 

3 

18—26 










1 

1 





1 


I 



2 






8 km. 









10 

km. 





6—10 

76 | 

29 

6 

4 

3 


3 

4 

9 

12 | 

46 


7 

7 

4 


2 


1 11 

9 

10—16 



6 

3 

3 

1 



6 

6 1 


22 | 

7 

o 

4 

2 | 

2 


2 

9 

16—26 



4 






1 

3 

i 




o 





4 

4 


PESHAWAR. 


6—10 

10—16 

16—26 

26—40 

216 

43 

'1 

2 

4 k 

m. 


2 

10 

1 

28 

3 

172 

30 

0 

2 

o 

3 

1 

1 

6 

1 

km 

1 

1 

1 

4 

1 

12 

0 

1 

13 

7 

r 

\ 






8 km. 








10 km 





6—10 

79 

25 

4 

1 

1 

3 

3 

I 8 1 

6 

3 

32 

10 

3 



3 


6 

28 

3 

10 — 16 



3 






0 

4 







13 

3 


3 

16—26 









0 

14 









13 


26—40 

. 


6 







1 



•• 






6 

3 


LAHORE. 







4 km. 









6 

km 





6—10 

248 

44 

23 

3 

2 

2 

1 

1 

2 

16 

167 

43 

8 

1 

2 

4 

3 

7 

10 

9 

10—15 



4 





1 

1 

1 



1 

2 




3 

2 

3 

16—26 













1 













8 km. 









10 1 

km. 





6—10 



4 

2 

2 

4 

2 

9 

9 

8 

09 

17 

3 1 

J 

J 

3 

4 

9 

6 

> 

10 — 15 

114 | 

26 | 

2 



1 

2 

7 

7 

7 



1 

1 

1 

3 


12 

12 

a 

15—26 



1 





1 

4 

3 








3 

3 

3 

26—40 


• 


■ ' 















l 

■ • 


SIMLA 


4 km. 0 km. 


6—10 

10—15 

15—25 

188 

66 

1 


1 

6 

2 

1 

1 

1 

1 

16 

6 

2 

102 

48 

3 

1 

0 

4 

9 

16 

5 

1 

4 

3 

1 





8 km. 









10 

km. 





6—10 

67 

33 



3 



10 

6 

3 

37 

16 





6 

11 

14 

3 

10—15 

# § 



1 

1 

3 

1 

13 

9 

1 



3 l 

3 

3 

. . 

. 

14 

3 

. . 

16—25 


‘ 


•• 



1 

1 

6 

4 








10 

11 

• 


n represents tho total no of observations, 
and C represent the percentage number of cases when speed was less than 6 m/s 
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PERCENTAGE FREQUENCIES OF UPPER WINES at 4, 6, 8 and 10 km. in 

JULY. 



ALLAHABAD. 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

JULY. 
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PERCENTAGE FREQTTCNCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

JULY. 




n represents the total no of observations, 
and C represents the percentage number of oases when speed was lees than 6 m/e. 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

JULY. 



ft— -10 
10—15 


5—10 
10—15 
Iff— 26 


35 | 17 


7 I 29 


5—10 
10— 1ft 
16—25 


11 I 18 


PORT BLAIR 




6—10 


n represents the total no. of observations, 
and C represents the percentage number of cases when speed was less than 5 m/i 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

AUGUST. 



a represents the total no of observations, 

Aiul (' ropiesents the percentage number of case* when speed was less than 5 m/s, 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

AUGUST. 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

AUGUST. 




M48GGOB 


n represents the total no of observations, 
and C represents the percentage number of cases when speed was less than 5 no/s. 


I 













178 


PERCENTAGE FREQUENCIES OF UPPER WINES at 4, 6, 8 and 10 km. in 

AUGUST. 



6—10 

14 

43 i 

i 21 1 2u i i i i 

10—15 

■■ 

H 

! 1 ’1 J II 




8 km 

5—10 

1 

1 °l 

I hi I'll 


CHITTAGONG 

I II 1 I VI 


5—10 56 ( 52 2 

10—15 


4 km. 

5 ( 23 i 7 


AKYAB 

28 | Iff 


8 

km 


10 km 

| 22 . 11 22 

22 

4 

o 1 7r> I | 

22 







1 ” r> * 1 1 



n represents tin* total no of observations, 
nod C represent* the percentage imrher of cases when speed wm less than 5 m/p. 
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l»KUt!KNTA(4K KKIlyiKNOI F8 OF Ul’PKR WINDS at 4, 6, 8 and 10 km. in 

AUGUST. 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 ]and 10 km. in 

AUGUST. 



n represents the total no of observations, 
and G represents the percentage number of oases when speed was less than 5 m/s. 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

ffF. pTV.MRF.R, 



n represents the total no. of observations, 
and C represents the percentage number of oases when speed was less than S m/s. 
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PERCENT V.GK FREQUENCIES OF UPPER WINDS at4, 6, 8 and 10 km. in 

SEPTEMBER. 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

SEPTEMBER. 
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PERCENTAGE FREQUENCIES OF UPPER WINTS at 4, 6, 8 and 10 km. in 

SEPTEMLER. 



n represents tbe total no of observations, 
and C represents the percentage number of cases when speed was less than 5 m/s. 

























PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 


Speed 

limits 

1 

n 

C 

N 

NE 

E 

SE 

i 

s 

aw ! w 

NW 

n 

c 

N 

NE 

E 

SE 

a 

sw 

w 

NW 

m/s 








1 

i 












— " _ ~ 









AI 

YAB. 













4 km. 







0 

km. 





6—10 

136 

68 


1 

13 

8 

4 

2 | 1 


80 

67 


6 

16 1 

13 

2 

1 

1 

. 

10—15 

1 




1 

3 

1 

| 





1 

1 

1 

i 








8 km. 







10 km. 





6—10 

46 

44 


2 

31 

9 

7 

1 



37 


11 

5 

32 




. 

10—16 





4 

o 


1 1 






10 


1 


• 1 

• • 









MANDALAY. 












4 km. 







6 km. 





5—10 

61 

80 


| 

4 

8 


1 2 1 

o 

24 

07 

4 


8 


I 

8 

1 . 

8 

10—16 




L 



l ^ 

2 

•• 




l 4 



i. 


!_• 

• • 





8 km. 







10 km. 





5—10 

6 

60 



20 


1 

1 1 

l 20 

1 



1 



i- 


1 

•• 








RANGOON. 













4 km. 







0 km. 





6—10 

21 

| 02 

r 

1 

r 

r> 

19 

1 


4 

100 







• 



JUBBULPORE. 






4 km. 




6 

km 



o — 10 

63 

60 1 8 

5 

H ( 3 

1 2 

6 


43 1 47 1 i 1 10 

C 

2 | 14 

9 

. 

10—16 


1 

3 

2 1 

1 

3 

2 

h 

1 

1 

2 

•• 





8 km. 




10 km. 




6—10 

20 

46 I 


26 1 

1 ln 

10 

A 

1127 <» 

18 

1 9 1 



10—16 


| 


5 | 

1 



18 


• 1 9 

9 | 

• • 


6—10 

10—16 


6—10 

10—16 


23 I 66 


7 | 14 


4 km. 

9 


4 I 22 


RANCHI. 

16 I 26 


8 km. 


14 

14 


14 | 28 
14 


0 km 

I 13 


10 km. 


6 l 0 


6—10 

10—16 


6—10 

10—16 


4 km. 


16 | 27 | 7 | 13 13 I 13 I 7 I 1 7 | .. 


8AMBALPUR. 

0 I 07 


8 km. 

33 I 33 I . 
33 


6 km. 
17 I 17 


1 1100 


10 km. 


n represents the total no of observations, 
and U represents the percentage number of easeB when speed was less than 6 ra/s. 


M48AGOO 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

SEPTEMBER. 



HYDERABAD. 




n represents the total no. of observations, 
and C represents he percentage numberof o a ses when speed was lees than 6 m/s. 


6—10 
10 — 15 
15—26 



























187 


PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

SEPTEMBER. 













PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

OCTOBER. 


Speed 

limits 

n 

l 

C 1 N 

NE 

E 

HE 

. 

a |aw 

w 

NW 

n 

V 

N 

NE 

£ 

SE 

S 

sw 

w 

NW 

m/s. 


1 

1 ' 




1 1 

1 

L 









_ _ 




ADEN. 


4 km. 











inf]§ 













Bj 















8 km. 


27 I 22 I 15 


6 km. 

7 i 11 
4 I 4 
4 


10 km. 


5-10 j 10 

20 


10 1 

20 






6 

20 

10 — 1/5 

15—25 


10 l 

20 

20 

| 




I 1 

l' 

1 




BAHREIN. 





4 km 




i 

6 km 




5—10 

84 

25 

17 


5 

5 

5 

1 

5 

13 

58 

17 

3 

6 

5 

2 

2 

5 

21 

10 

10—16 



7 

1 

1 

1 



o 

7 








7 

10 

10 

16—26 



2 







1 



o 








26-40 




















• • 




8 km 





10 km. 




6—10 1 

20 

14 






3 

10 

i 

12 

0 






1 

1 


10—16 









31 

7 









33 

. 

16—25 








3 

28 









17 

25 

8 

26—40 









3 










17 



MUSCAT. 







4 km 







6 km. 




5—10 

139 

40 

8 

lt> 

14 

1 

1 


4 

6 

100 

26 

11 

6 

4 


1 

7 

9 

13 

10—15 




5 

4 








2 

2 

2 



1 

6 

8 

16—25 




1 






1 









1 

2 






8 km. 







10 km. 




6—10 

32 

13 


3 

b 



0 

3 

0 

12 

8 






25 



10—15 




3 




t> 

lb 

16 









8 

. . 

16—25 








3 

13 









17 

26 

8 

26—40 




















8 










GWADOR. 








l 





4 km. 







0 km. 





71 

32 

23 1 

1 8 

1 


3 


7 | 

4 

55 

13 

4 


5 



2 

5 

16 




7 

6 




1 


1 



5 


4 



6 

13 

16 

16—26 



4 j 






I j 



1 



2 



2 

4 

ff 






8 km. 







10 km. 




6—10 

6 

m 


17 







1 

KI 









10—16 









33 












16-26 








17 

33 












25—40 

• 









i 









100 

■ • 


n represent* the total no of observations, 
and C represents the percentage number of cases when speed Was lest* than 5 m/s. 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

OCTOBER* 




n represents the total no of observations, 
and C represents the percentage number of oases when speed was less than 5 m/s 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

OCTOBER. 



AJMER. 





4 km. 




1 


6 km. 



5—10 

10f> 

37 

6 

6 

4 


2 

7 

11 

10 

80 

14 

7 

1 



2 

3 

8 

10—16 



8 

1 

1 




4 

H 



1 

1 

1 


1 

3 

16 

16—26 













1 





5 

12 

26— *0 



















2 




8 km. 






10 km. 



5—10 

34 

0 







6 

9 

14 

0 








10—15 








9 

21 

6 









29 

16—25 








9 

29 

3 








14 

43 

25—40 









9 











n represents the total no of observations, 
and C represents the percentage number of oases when speed was lees than 5 m/s 


tseto I ■ © wo»oo I ■ - • | - | w oo co 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

OCTOBER. 



PATNA. 

4 km. 

II 1 | 1 | 2 | 0 I 13 

2 10 111 
1 12 


8 km 

5 

r> 

5 \2 

21 




6—10 92 36 

10—16 
16—26 


6—10 10 16 
10—16 
16—26 
25—40 
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PERCENTAGE FREQUENCIES OF UPPER WINES at 4, 6, 9 and 10 km. in 

OCTOBER. 


C N NE E 8E S SW W ' NW n 0 N NE E SE S SW W NW 


CALCUTTA. 

4 km. • km - 

|244 I 29 I 2 I 2 2 I 4 I 3 11 I 21 I 7 164 I 24 I 1 I 1 2 I I 2 I J I ® 

! 1 l 7 ‘ M 5 “ I 


8 km. 

3 , 2 3 16 3 17 29 6 

2 8 18 3 

6 20 2 

3 


12 18 . 
12 24 


0—10 

10—15 

15—25 

72 

5—10 

4 

10—15 


15—25 


25—40 



1 21 
3 


25 25 

25 
25 


5 10 3 

5 5 23 3 

15 3 


CHITTAGONG. 


62 1 50 , . , 2 I 2 I 2 I 4 , 0 I 23 I II 29 , 45 , I 3 I I 3 | 3 | 14 , 7 | 7 


25 I 25 1 



239 61 1 2 4 5 6 7 10 3 167 48 1 2 5 3 4 5 13 6 

12 1 11115 2 

111 

8 km 10 km. 

92 I 28 | 1 | . | 7 | 7 | 2 I 7 I 9 1 4 59 I 17 , 5 , 2 I 3 2 1 2 12 , 17 

: L 6 l ! . U 2 l L I iS 


MANDALAY. 




5—10 

73 48 | . 1 

3 1 

7 8 27 

34 32 

6 9 6 

18 

10—15 

• ■ M 

.. 

5 

. 

3 3 

18 




n represents the total no of observationR, 
and C represents the percentage number of oases when speed was less than 5 mju. 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

OCTOBER. 


Speed 

limitB 

ni/s. 

n 


i i 

N |NG'| ] 

i i | 1 

1 NK N | tSW j W ;NW 

i ‘ ! 

1 

n 1 

1 

1 



i 


! 


N | NK | K -SK ■ R ,SW 


W 


NW 


RANGOON. 




4 km. 



6 km. 

5—10 

10—45 

59 | 80 

15.5.3 

1 1 3 I 2 

| 

! i 

29 | 73 | | 14 | 3 | 3 | 3 | | | 3 

5—10 

8 | 50 | 

8 km 

1 25 | 13 1 | 

n 

i 

10 km. 


JUBBULPORE. 





4 km. 






6 km. 




5—10 

90 

35 

9 

0 

6 

2 

1 

12 

19 

4 

09 

25 

1 

4 

1 

1 


14 

26 

3 

10 — 15 





1 




> 

1 








6 

9 

4 

16—25 










1 








1 

1 

1 




8 km. 






10 

km. 




5—10 

17 

0 






18 1 

IS 


1 1 

25 







25 1 

. . 

10—15 








ti 

12 









25 

25 

. . 

15—25 








18 

LM 











■ 


RANCHI. 

4 km 6 km 








5—10 

17 35 


IS 1 (> | r» 1 0 

n 20 



7 

7 | 20 | .. 

10—15 



1 1 1 





40 7 


8 km 


10 

km. 


6—10 

2 50 


i n 





1 1" 


SAMBALPUR. 






4 km. 






6 km. 


5—10 

31 

58 

A 


3 


1 

10 

0 

0 


50 





1 


21 1 

10 — 15 



3 





1 










4 

8 ] 





8 km 

* 





10 km 


5—10 

10 

30 

10 





10 

20 | 

10 

2 

50 








10—15 









10 











15—25 










10 











50 







4 km. 



5—10 

150 

74 

5 

8 

4 

1 


1 

10-15 

15—25 




1 


1 








8 km 



5—10 

75 

48 

1 


5 

3 

1 

8 

10—15 

15—25 








1 


POONA. 


6 km. 


3 

1 

11 1 

02 

4 

o 

4 

4 

1 


8 

6 


1 




3 




5 | 

o 












1 

. | 








0 










10 km. 





20 

1 

49 

22 



4 

6 

4 

1 6 

1 10 

1 2 

5 

A 




4 

o 

o 


8 

16 

2 

3 









1 * 

10 



M48DGOB 


n represents the total no of oW nations, 
and (J represents the percentage number oi cahes when speed was less than 5 m/s. 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

OCTOBER. 


Speed 

limits 

n 

c 

N 

NE^ E 

8E 

1 | ' 

8 , flW ! w 

1 

1 , 

NW 

I , : i ; j M 

n \ r In ,ne‘ e 'se s |s\vl w 

m/s. ' 



1 

1 


L_ 

i i i i i i i 

! | ! 1 I 1 1 


HYDERABAD. 



MANGALORE. 


4 km. 


6 km. 


5—10 

10—16 

16—26 


37 I 36 



n 


38 


8 | 23 I 23 


8 


BANGALORE. 


4 km 


8 km 


5—10 

205 

59 

2 

6 

12 

4 


3 

3 

4 

130 

54 

1 

0 

20 

o 

2 


3 

2 

10—15 


■ 



3 




1 

1 



1 

1 

8 

1 










8 km 








10 km. 

5—10 

72 

42 

1 

11 

24 

10 

4 


1 


35 

64 



17 

11 

3 

0 



10—15 

, . 


. 


4 

1 









9 






15—26 





1 


















! 


4 km 

5—10 

10—15 

123 

60 

31 2 1 12 1 

1 1 4 I 




8 km 

6—10 

10—15 

15—25 

| 31 

49 

3 1 0 | 23 l 

0 


MADRAS. 



82 I 08 


14 


29 


8 km. 

*1 “ | •• j 

10 km 
I 21 7 

14 7 

14 


1 


n represents the total no of observations, 
and C represents the percentage number of oases when speed was less than 5 m/s 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 8, 8 and 10 km. in 

OdOBER. 


Speed 

limits 

n 

C 

N 

ne! e 

1 ■ 1 1 

se ; s sw ' w , nw 

1 • ■ 

i i 1 

n | 0| N ,NEi E 

SE 

S 

sw 

w 

NW 

m/s. ! 


1 

1 

1 

1 __ i_ 


1 M 1 








PORT BLAIR. 

4 km. ® km. 




l 57 

| 2 I 7 

15 I 1 

5 | 2 

1 6 

48 

50 

2 

10 

29 

2 4 

• • • • 

10—15 

81 i 

1 J 

L! 

J 

2 I 1 

l l 1 

1 





2 .. 

• • • 





8 km. 


i 

i 




10 km. 


5—10 

25 

24 

| 20 

28 1 12 

« 1 1 

1 1 4 

1.7 

23 



31 

23 

• i •• 1 8 

10—15 


• 

1 

1 4 I 

1 1 

1 1 

1 



8 

8 


•1 - I” 


4 km. 


TRIVANDRUM. 


6 km. 



4 ■! “ 

4'! 

!' 

07 






17 

17 

.. 

,1 


10 km. 




i : 







1 

I" 1 

1" 

i 


n ri’pn'Sf nts tin total no of observations, 
and (’ re prom nts tin* pi rci ntaigo nurnlx r of east >4 wlion sp ».i was loss than 5 m/s 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

NOVEM1ER. 


Speed 

limits 

n 

V 

. 

1 i 1 1 l 

| 1 i 1 ' | 

NE* E : HE H ■ SV\ . W 1 NW 

i 

n I C 

! 

N 1NE j E 

HE 

S 

SW 

w 

NW 

m/s 





L_ 

i 

1 1 







ADEN. 

4 km 6 km. 


6—10 

10—15 

16—25 

25—40 

67 

42 

7 

4 

12 

7 

12 

4 

c 

• 

o 


o 

4 

41 

44 

10 

2 

5 

5 

5 

2 

12 

2 

5 


*6 

2 






8 km. 







10 km. 





6—10 

16 

17 

U 

7 

7 

7 


7 

7 


5 

20 








20 

10—15 



7 








i 

. 






20 

20 

. 

15—25 


















20 

• 



BAHREIN 


A km 


6 km 


5—10 

10—15 

15—25 

26—40 



MUSCAT. 





4 km 



|i 

6 km. 



6—10 

127 

43 

C 

2 

2 

3 

11 

9 

0 ,! 83 

11 

o 




1 

7 

16 

10—15 




1 




h 

4 

3 







8 

16 

16—25 









o 








5 

13 

26—40 










„ 

:* 








1 




8 km 



h 

10 km. 



5—10 

21 

0 






5 

r» 

1, 10 

0 






10 


10- 15 








14 

10 

1. 








10 

15—25 








It 

it 

10 1 







30 

20 

26—40 








14 

5 

10 . 







10 

10 

>40 










: 










GWADOR. 


6—10 

10-15 

15—25 

25—40 


6—10 

10—15 

16-25 

26-40 


110 


17 


38 


4 km. 


8 km 


17 


It 


12 


87 | 3 


6 km. 


10 km. 



6 

13 

8 


13 

23 

7 

1 

3 

15 

6 

■ 

1 





n represents the total no of observations, 
and C represents the percentage number of cases when speed was less than 5 m/s. 
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PERCENTAGE FREQUENCIES OF l PPER WINES at 4, 6, 8 and 10 km. in 

flOVEMI ER. 


Speed 

1 

i i 1 ■ i 

, 


li 

: 

■ 

j i i 

1 



lim.ts 

n 1 


N NE , 

E SE 

a aw 

W N\\ 

n 

c , 

N NE | 

E 

SE 

s ■ sw 

W 

NW 

m/s 

1 

1 

, 

, 

1 

1 

1 

■ 1 

■ 1 

i 








KARA 

CHI. 






I 



4 km 






6 km 




na 

!01 

34 

7 

o 



l 

5 

15 

11 

174 

b 

1 





2 

12 

7 

10—15 



o 

1 




3 

8 

4 



1 




1 

4 

17 

10 

15—25 








1 

2 

1 








6 

22 

7 

25—40 













1 






2 

1 




8 km 






10 km. 




5—10 

82 

0 






2 

2 

1 

39 

0 









10—15 








1 

4 

1 











15—25 








1 

'.2 

8 









21 

3 

25—40 








5 

2b 

5 








8 

49 


>40 









2 

2 









21 







QUETTA. 









4 km 






6 km. 




5—10 

304 

21 

3 




•» 

5 

r» 

n 

17*. 

5 

2 

1 




7 

8 

7 

10—15 



2 

1 




1 

8 

15 



1 





3 

24 

7 

16—25 



1 






2 

() 

• . 







o 

10 

9 

26 — 40 



















2 

5 




8 km. 






10 km. 





6—10 

71 

3 

1 




i 


■J 

1 

9 

11 






11 



10—15 



, 





1 

8 

0 









11 


15—25 








7 

5(1 

7 








11 



25—40 








3 


3 









44 

• • 

>40 









3 

•• 









11 

•• 





PESHAWAR 










4 km. 






6 km 




6—10 

245 

49 

2 

1 



i 

7 

10 

13 

21 r » 

8 

2 

o 


1 


5 

12 

11 

10 — 15 



2 






j 




2 

1 




2 

19 

10 

15—25 


. 







~\ 




1 

1 




1 

15 

4 

26—40 



















1 





8 km. 






10 

km. 




6—10 

142 

4 

1 

1 




4 

8 

4 

80 

0 


1 




l 1 


6 

10—15 




1 



l 

1 

10 

4 



1 




1 

4 

5 

4 

15—25 



3 





1 

21 

11 



1 

1 




3 

20 

10 

25—40 



1 





1 

10 

3 









lb 

13 

>40 









1 










3 

1 






LAHORE. 







1 


4 km. 






6 

km. 




5—10 

307 

32 

5 


1 


o 

5 

Mi 

21 

'350 

1 

1 

l 

,, 


1 

3 

11 

10 

10—15 



o 





o 

5 

b 



1 





4 

17 

9 

15—25 










1 



1 




1 

2 

25 

6 

25—40 






• 












1 

2 

2 




8 km. 






10 

km. 




6—10 

257 

1 




1 


1 

4 


125 

o 









10 — 15 

. 







1 

10 

4 



1 





1 

3 

i 

15—25 



1 





4 

2S 

12 








2 

22 

4 

25—40 

. 





. 


] 

25 

4 








5 

31 

10 

>40 

• • 

• 




■ 



2 








• 

2 

18 

i 


n ro presents the total no of observation*, 
and C represents the percentage number of o ases when speed was less than 5 m/s 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. In 

NOVEMBER. 
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PERCENTAGE FREQUENCIES OF ITPFR WINTS at 4, 6, 8 and 10 km. in 

KOVEM1ER. 



n — 10 19 

10— IB , 
16— 25 
2 r > — 40 1 


5—10 1 

10—15 ■ 
15-25 
25—40 


ALLAHABAD. 


4 km. 


6 km. 



RANGPUR. 


6—10 
10—15 
15 - 25 
25—40 


26 


4 km. 
4 


6 km. 


43 


5—10 

10—15 

15—25 

25—10 


15 I 20 


4 km. 

7 


TEZPUR. 


12 


6 km 


CALCUTTA 


6—10 

10—15 

15—25 

25—40 


263 | 13 


5—10 

10—15 

15—25 

25—40 


4 km. 


8 km 


51 I 0 


50 


6 km. 


201 


10 km. 


3 

11 

3 


11 


n represents the total no of observations, 
and C represents the percentage number of cases * hen speed was less than 6 m/a 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

NOVEMBER. 


Speed 

limits 

m/s. 


C , N NE E ] HE H H\\ \\ N\\ 

i 


i i : 

(’ ■ N , NE ' E ' HE j S 
ii >1 


HW ! W . N\V 

! I 






4 km. 




6—10 

10—15 

15—25 

25—40 

85 

7 


2 




1 

l 

1 

10 

41 

s 

1 





8 km 




5—10 
10—15 
15- 25 
25—10 

o 

0 







50 

50 


DACCA. 



6 km 




4 

22 



4 

35 




11 


10 km. 


CHITTAGONG 





4 km. 






6 km. 



6—10 

64 

16 

2 





ii 

21 

"» 

30 

7 

3 




3 

7 

20 


10 — 15 








o 

11 

5 









30 

7 

15—25 









(i 

_> 








3 

20 





8 km 






10 km. 



5 — 10 

6 

0 







33 


1 

0 









10—15 









17 











, 

15—25 

1 









50 









100 




AKYAB. 






4 km 








6 km 




5—10 

255 

40 

o 


1 

1 

2 

11 

22 

0 

ior» 

21 

2 

1 


1 


0 

21 

5 

10—15 







2 

3 

I* 

3 



I 




1 

2 

20 

0 

15—25 


















1 

6 

2 





8 km 








10 km 




5—10 

118 

17 


1 




11 

0 

5 

60 

7 





o 

10 

13 | 

3 

10—15 








1 

11 

5 








5 

22 

o 

15-25 



1 





4 

10 

7 








3 

22 

2 

25—40 









»> 

1 

i 









10 



5—10 
10—15 
15— 2 r > 
25—40 


62 


11 


5—10 

10—15 



4 km 


8 km 


MANDALAY. 


1(H) 


.'ll 


10 


6 km. 




10 

15 

3 




42 





13 

3 




3 



10 km. 


u r< prest nts th( total no of observations, 
am* ( icpn nte the pem ntape number of cases when speed was less than 5 m/s 













PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

NOVEMBER. 


Speed 

( 

f 

1 

i 

! 

i 

i 

i 

' 

i 

i 

! 


i 



1 






Umits 

n 

C 

N 

NE 

E 

SE 

1 8 

SW 

1 W 

Inw 

n 

i c 

N 

NE 

E 

SE 

9 

SW 

W 

NW 

m/s 






/ 

I 


1 

1 


i 

1 
















RAN 

GOON 











4 km. 






6 km. 




5—10 

60 

67 

5 

3 

o 

3 


3 

7 

3 

35 

57 


9 



3 

9 

11 

9 

10—15 



2 


3 

2 











" 


3 






8 km. 






10 

km. 




6—10 

8 

0 






25 

13 

25 

4 

0 








.. 

10—15 









25 










25 


15—25 








13 











50 


25—40 



















25 

•• 








JUBBULPORE. 










4 km. 






6 km. 




5—10 

107 

26 

6 


1 


1 

6 

21 

17 

90 

2 

1 




1 

4 

12 

14 

10—15 



o 






10 

8 








3 

24 

10 

15—25 









3 








1 

3 

14 

3 

25—40 


















1 

2 

1 





8 km. 






10 km. 




5—10 

14 

0 








14 









, 


10—16 








14 

21 












15—25 








14 

36 




















RANCHI. 











4 km 






6 km. 




5—10 

30 

10 







20 

7 

15 

7 







7 


10—15 









23 

17 









40 

*7 

15—25 









7 

17 









33 


25—40 




















7 








SAMBALPUR. 










4 km. 






6 km. 




5—10 

41 

39 

o 


2 


2 

2 

22 

12 

34 

21 

3 



3 


3 

21 

9 

10—16 








2 

5 

10 








3 

21 

6 

15—25 



















12 






8 km. 






10 km. 




6—10 

9 

0 


# . 







2 

0 







1 

, 

10—15 


. , 






, , 






. . 



. 

. . 

.. 

. . 

15—25 


•• 







78 

22 










50 









POONA. 











4 km. 






6 km. 




5—10 

181 

58 

5 

8 

4 

2 

2 

1 

6 

8 

167 

44 

5 

1 

2 

4 

4 

7 

5 

6 

10-15 


. . 

1 

1 

1 

1 


1 


1 



3 

1 


1 


2 

8 

5 

15—25 

, . 


, , 

, 


, , 


1 




. , 






. . 

1 

2 

25—40 








, 










1 


• • 





8 km. 






10 km. 




5—10 

117 

12 

4 

1 


2 

4 

9 

15 

8 

57 

4 





2 

7 

9 

4 

10—15 



3 




2 

10 

10 

3 








11 

16 

4 

16—25 



1 





2 

13 

3 







2 

25 

12 

4 

25—40 


















2 


2 


M4ATXWm 


n represents the total no. of observations, 

and G represents the percentage number of cases When speed was less than 5 m/s 


M 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

NOVEMBER. 



WALTAIR. 







4 km. 








6 km. 





6—10 

91 

76 

1 

4 

4 

1 


3 

5 

3 

69 

62 

* 

1 

7 

1 

3 

3 

3 

3 

6 

14 

10—16 
J6— 26 




1 




1 








L 


. 



— 





8 km. 








10 km. 





6—10 

10—16 

24 i 

26 i 



4 

4 


4 | 

13 

26 

13 

8 

4 

60 

1 

i 





! 

| 60 

16—26 








4 














6—10 

10—16 

16—26 


70 


46 


4 km. 


1 

13 

21 

7 

3 






8 km. 


MANGALORE. 



33 


27 


6 km. 


12 

36 

9 

6 


3 


. 


10 km. 


6—10 


20 


20 40 


20 



0 





BANGALORE 

4 km. ,, « km. 


6—10 

10—16 

16—26 

200 j 

66 | 

1 

11 

2 

18 

6 

1 

I 

1 

2 

1 

3 

1 | 

1 

148 

41 

3 

3 

9 

2 

1 

21 

9 

1 

4 

1 

^ 1 


2 

1 

1 






8 km. 









10 km. 





6—10 

71 

49 

3 

1 

6 

3 

6 

4 


1 | 

49 

27 

4 1 

1 2 

6 

4 

8 1 

6 

. . 

2 

10—16 




1 

1 

1 

, . 

8 

4 






2 

2 

2 

12 

0 

. • 

16—26 

•• 




1 



6 1 

1 

1 




I 2 

2 

• 

• ' 

8 

2 

2 


MADRAS. 

4 km. ,, • km. 


6—10 

10—16 

16—26 

07 

67 

3 

1 

8 

1 

4 k 

21 

2 

m. 

3 

1 

i 


1 

*1 

63 

30 

3 

2 

3 

11 

6 

o ■ 

21 

13 

LU. 

2 

2 

• 

3 

2 

a 

6—10 

10—16 

16—26 

30 i 

63 

• • 

3 

13 { 

l\ 

8 k 

10 

3 

m. 

• 

3 i 

3 


16 

33 


7 

10 

13 

km. 

7 

7 | 

13 1 
‘7 

13 

• • 


n represents the total no. of observations, 
and C represent* the peroentago number of oases when speed wm 1«m than 6 m/a. 







PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 8, 8 and 10 km. in 

NOVEMBER. 


Speed 

limits 

m/s. 

n 

C 

N 

NE 

E 

SE 

i 

S 

sw 

1 

w Inw 

1 

n 

C 1 N 

1 

1 i 

NE 

E 

SE 

a 

SW 

w 

NW 













PORT BLAIR. 

4 km. „ • km. 


5—10 

69 

44 

2 

7 

a i 

25 

8 

2 

3 



42 

33 

5 

17 

o 

26 

am. 

2 

2 




10-15 




5 

2 









2 

5 


. . 

. 

. 

. . 

15—25 





2 









2 

2 




• 

•• 





8 km. 






10 km. 



6—10 


55 


16 

10 

5 



5 


12 

33 


25 

8 

8 


.. 

8 

m m 

10—15 






5 











8 


. 

, . 

15—25 




















, , 

26—40 




6 






• 




8 




• 

•• 

•• 


TRIVANDRUM. 






4 km. 






6 

km. 



5—10 

28 

50 


11 

7 

11 

4 

4 

4 

4 

14 

71 


7 

7 


7 



s e 

10—15 






4 




4 





7 





e e 

15—25 

























8 km 






10 km. 



6—10 

5 

60 







20 


l 

0 




100 




• • 

10—15 

, , 


















. 

• « 

15-25 





20 















• • 


n represents the total no of observations, 
and C represents the percentage number of oasos when speed was less than 5 m/s. 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 8, 8 and 10 km, in 

DECEMBER 


limits | 

| i i ( 

D | c : n Ink! je |se ! h isw^ w 'nw 

" i 

1 

1 

r | N 

NE 

E 

Sfi 

s 

HW W 

l 

NW 

m/s. 

1 1 I i ■ i ■ I : 1 

1 

1 




1 


1 I 



ADEN, 







4 km 







6 

km. 





5—10 

10-16 

15—26 

41 

32 

2 

10 

10 

10 

15 

7 

2 



10 

2 

26 

10 


8 

8 

12 

4 

12 

12 

4 

8 

8 

4 


* * 

4 






8 km 







10 km. 





5—10 

10—15 

6 

20 l 

j 

20 





j 20 

1 20 | 
r 


3 

r 


L 

L 

L 

| 33 

| 33 

I” 

L 


BAHREIN. 


6 km 


5—10 
10 — 15 
15—25 
25—40 



GWADOR. 


6—10 
10 — 15 
15—25 
25—40 


5—10 

10—16 

15—26 

25—40 

>40 


4 km 


8 km. 



6 km. 





3 

8 




3 

23 




2 

21 




2 

3 


10 km. 


33 

67 


n represents the total no of observations, 
and C represents the percentage number of oases when speed was less than 5 m/s 




PERCENTAGE FREQUENCIES OF ITPPER WINDS at 4, 6,8 art 10 km. in 

DECEMBER. 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

DECEMBER. 



DELHI. 



n represents the total no of observations, 
and C represents the percentage number of oases when speed was less than 0 m/s 


UCCiW 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in. 

DECEMBER. 

















PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

DECEMBER. 


Speed 

limits 

n 

0 

N 

NE 

E 

SE 

S 

sw 

w 

NW 

n 

C 

N 

NE 

B 

SE 

a aw 

w 

NW 

m/s. 1 

















| 1 




MANDALAY. 

4 km. al 6 km. 


6—10 

10—15 

16—26 

00 

8 

• 

• 

. 


■ 

6 

5 

1 

25 

30 

10 

2 

3 

3 

61 

0 

12 

12 

12 

25 

26 

2 

4 

8 





•• 




8 km. 








10 km. 



3 

n 


















.. 



, 







m 







* m 




. . 

15—25 








07 

m 









. . 


. . 

26—40 










33 






•• 


• 

•• 

•• 


RANGOON. 






4 km. 








6 km. 




6—10 

68 

57 

2 

3 

o 

2 

2 

7 

7 1 14 

43 

47 

2 

o 

5 

4 

5 

2 

0 | 0 

10—15 



2 




2 


2 I 



6 



2 

2 


2 

15—25 









1 









2 2 





8 km. 








10 km. 




5—10 

10—15 

0 

| 33 



17 

1" 

1 

1" 

1 1 

1 

1 

| • 




I 

|ioo 

I-!- 


JUBBULPORE. 






4 km. 






6 

km. 




6—10 

03 

14 

4 





3 

17 

12 

58 

6 






9 

3 

2 

10—15 



1 




1 

2 

17 

10 



2 





7 

19 

3 

16—25 









15 

5 








6 

36 

5 

25—40 



















3 

• 





8 km 






10 km. 




5—10 

10—15 

13 

0 






8 

8 


<> 

0 







17 


15—25 



. 





15 

30 









17 

17 

m 9 

25-40 | 

• 







8 

23 









17 

33 



fr -10 

10—16 

16—26 


17 


12 


4 km. 


RANCHI. 


6 km. 


47 


25 

25 

60 


SAMBALPUR 

4 km. 6 km. 


6—10 

10—15 

15—25 

36 

17 

3 

3 

• 

•• 


3 

0 

19 

11 

8 

14 

14 

3 

23 

9 

■ 

•• 


• 

4 

9 

9 

22 

17 

22 

0 






8 km. 







10 km. 





5—10 

16 

6 

.. 

.. 




G 



9 

0 







11 


10 — 16 

. . 

. 

. 

. . 

.. 


. . 

6 

25 

. 

. 

. 

. , 

. m 

. . 




67 


15—25 

mmmm ^ 

• • 

• • 

• ■ 

■ • 

_ 


6 

44 

6 


• 

■ 

• 

• 


• 

•• 

22 

•• 


n represents the total no. of observations 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4, 6, 8 and 10 km. in 

DECEMBER. 



WALTAIR. 



n represents the total no. of observations, 
and C represents the percentage number of oases when speed was loss than 5 ra's. 
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PERCENTAGE FREQUENCIES OF UPPER WINDS at 4,6, Sand 10km. in 

DECEMBER. 


Speed 
lim ts 
m's. 

n 

C 

N 

NE 

E 

SE 

S 

sw 

w 

NW 

n 

C 

N 

NE 

E 

SE 

s 

sw 

w 

NW 

i 



BANGALORE. 







4 km. 









6 km. 





6—10 

281 

49 

2 

8 

17 

6 

1 


4 

6 

21G 

36 

6 

6 

9 

7 

2 

6 

7 

2 

10—16 

9 

9 9 

. . 

1 

6 
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n represents the total no of observations, 
and C represents the percentage number of oases when speed was less than 5 m/s. 
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THE THERMAL STRUCTURE OF THE UPPER AIR OVER A DEPRESSION 
DURING THE INDIAN SOUTH-WEST MONSOON 

MY 

N. K. SUlt. 

(ltcci’imf on 'Kith Xownthrr 19‘i4 ) 

Ahstutrt —A depression developed in the Hav of ISeimal m the first week of September 1932 
*iml paused through ()ii.s<i,i, the ( % lit i«i1 Pluvious and (Vntial India Fiom sounding balloon 
aseents at Asn a dunnur the week, it found that tempi ratine at np|K*r Jewels below the tropopause 
at hist dei leered on Mieee. *i\e da\s as the depression ineieftHed m intensity and approached 
Am a When tlie depiession deepened fuithei and heeame prat t ically stationary m the neigh* 
bom hood of Aiiici, an exception is notjeeahle at the I *veh between N —12 gkins , where no fall 
of tempi i at uie oicuned At this stage the level of the tropopause above the depression was 
lowered w it Ii an me lease of ternjxuatnie in the lower stratosphere and a decrease at levels immedi- 
ately below the tropopause. 

1 

In a recent communication, 1 the thermal ehurarteustics of the upper levels of 
the tropi.sphcie and the lower levels of the stratosphere over Agra (Lat. 27°08'N, 
Long 7K r orE) in tin* List week of August 1929, when allccted by a depression in its 
neighbourhood have been discussed It was found that temperatures at all heights 
up to about 15 gkm weir lower than the normal temperatures prevailing at the corres- 
ponding heights m August, and the tropopauv* was lowered to 15-2 gkms., its mean 
level m the month lying between 1(5 -17 gkm As the fall of the temperature below 
the tropopause was not enough to offset the elh ct of a lower tropopause, the tempera- 
tuns in the lower stratosphere between 1(5 IS gkm were found higher than the 
normal These results were dedin cd from data obtained from two soundings at 
Agra on two consecutive da\s On the fust of those days the depression was at its 
maximum mtensitvwilh its centre at kolali (Lai 25 ‘ 10' N, Long 75 C 52'E) at a dis- 
tance of about 185 miles to the southwest of Agra, but oil the next day its intensity 
was declining r I lie depression discussed there originated m the Bay of Bengal and 
was preceded by a wave of low piessuie passing westwards through Burma. 

It is known that the strength of the southwest monsoon current over northwest 
India generally diminishes in September compared to that in August, though there 
may be an exception m any paitieulai year The depressions forming in the Bay of 
Bengal in this month invigorate the inons uni cm rent over upper India, if these travel 
in a northwestoily direction through the central legions oi India. Signsof formation 
of a depression were noticed on the morning of 2nd September 1932 off the Orissa- 
(lanjam coast in the Bay of Bengal It developed and crossed the coast near Puri 
(Lilt 19 48'N,Long 85* 52TS) on the next morning On the morning of 4th September 
it lav as an urea of shallow' low-pressure on the ground w'ltli centre near Sambalpur (Lat. 

1 N K. Svr — The Distribution of Teinpei atuie in the U])per Levels of a Depression originat- 
ing m the Ba> of Bengal during the Indian Hoiith-wist Monsoon, India Met. Dept. Scientific 
Notes, Vol. VI, No. 02. 
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21 °28'N, Long. 84° 01'E) m Orissa, By the morning of 5th September it intensified 
on the ground and lay over tlie Central Piovmces strengthening the monsoon current 
there The monsoon was also at tive in Bihar, Orissa and Burma The centre of the 
depression lav near (Juna (Lai 21‘10'N, Long 77 20 'E) in west Central India on 

the morning of Oth September It had mtensilied further ami tho monsoon was strong 
m the central parts of India and active in tin 1 noitheust of India Though on the 
morning of 7th September, tin depiession was found to be practically st.ition.uy 
near (Juna, it had further deepened as shown bv the fall of pressure tin the ground in 
the morn m g-( hart The monsoon w as stiong from Uujaiat to the west United 1 in- 
voices and the cast Punjab, and gnieiulh active in the c.ist United 1 rovinces and 
Chota Nagpur On the morning of 8 th ScptcinbiT, the depression was found to ha\e 
weakened slightly and its eential region ot* lowest piessure was prohahlv spread over a 
smaller area on the ground as compaied to that on tin* previous morning, as far as it 
can be inferred from the suif«iee eh.uis It hud moved in a northeast t 1\ direction 
and its centre lay o\ci Nowgong (Lat 2 b <>3'N, Long 79 .10'E) m Central India. 
It continued to diminish in mtensitv during its movement towards west United 
Pro\ mccs through the southern divisions of the province 1 and alter persisting over 
the neighbor ihood of Muinpuii (Lat 27 ll'N, Long 79 1 OVE) for a couple of days 
disappeared 1 > the morning of tin* l‘»th 

The central region of tin* depression was at a distance of about 300 miles from 
•Agra on the morning (8 A M ) of btli September, w hile on tith, 7th and Nth September 
the distant cs of the centre wen* about 210 , 180 and 1 <0 miles respectively from Agra. 
The weather conditions on bth, tith and 7tli September an- shown m the corresponding 
surface < baits (See // 7 s /, 2 and ‘i) In tlies * charts tin* isohirs, directions of winds, 
places of rainfall at 8 hrs (by shaded areas) and rumfill during tin* last 21 hours 
m inches have onlv been shown 

The turn* of letting oil the meteorographs at Vgra. tin* ilistme * 1 and direction of 
place of rccovciv art* shown m Table I 


TABLE f 


Pate 

Tune 

1ST 

PlfH < nt l(M OW 1 v 

I 

Distance 
in miles 

Duet turn in degrees 
fiom N-S line 
through Agra 

:» !> 32 

1724 

Knaoli DM , Atff.l 

15 

216'’ 

a 9.32 

1 7 1 r» 

Jihaialpui 

33 

273° 

(i 9 32 

1720 

AtnMin DM 

30 

310" 

7 9 32 

1725 

Mutt 1 a DM 

37 

329° 


The data for tt*mperaturt» and pressure obtained from the records of th A m'teoro- 
graphs are given in Table //, m which the noim.il values over Agra for hjth August 
and September art* also shown fm facility « >f tompansm As the depression was 
near Agra 111 the iiist week t)f September, tin* mean of the normal values for each 
height for the two months would probably be a better studard of eompans m than 
the normal values for September only The numb 1 *r of « observations for both th fl 
months varies betw T t»en 34 anti 30 from ground to 7 gkm levels, between 27 and 20 
from 8 to 14 gkm. levels, and between 20 and 13 from 15 to 18 gkm. levels. 



THERMAL STRUCTURE OF THE UPPER ATMOSPHERE, 
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TABLE II. 

Temp (°A) and Press, (mb). Normal Tern 1 . ( U A) and 

Piess (mb). 

3.9 32. 5.9 32. 6.9 32 7 9 32. August September. 
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TABLE II — contd. 


Gkm. 

Temp (°A) and Preys (mb) 

Normal Temp (°A) and 
Press, (mb). 


3.9 32. 

5 9 32 

6.9.32. 

7 9 32 

August 

September. 

15 

204 0 

199-0 

195 0 


292 

201 


130 

128 

127 


129 

L28 

16 

195* » 

193 O 

193 r> 


195 

195 


109 

107 

106 


108 

107 

17 

193 O 

189 r» 

195 O 


193 

193 


91 

89 

88 


90 

89 

18 

194 5 


199-0 


197 

199 


76 


74 


76 

75 


2 


As the depression was at a considers Me distance fiom Agra on the evening of 
3rd September (between Puri and Sambalpur), the atmosphere over Agra could 
but be affected very little by it. though cirius douds of amount It) (Ci,„) were pie 
sent over Agra in the morning of that <late. At the time of ascent of the mcteoiogmph 
in the eve iung only Cu 2 douds were notii cable \\ itli further intensification of the 

depression and its movement, towards Agra, it may be expected that in the e\enmg 
of 5th September the upper air o\ei Agi a was under its influent e, however weak it. 
may be, as the distance of its central area of low pressure was about 250 miles from 
Agra. On 5tli September Ci st, A cu and Cu nb were present over Agra 
in varying amounts throughout the day. A st also appearing at 10 liouis I. S. T. 
At the time of ascent, Ci 2 (A cu and St cu)- were observed, lightning being also notic- 
ed at a dis tance within three hours of the ascent Apart from the marked decrease 
of temperature on 5th September on the ground compared to that on 3rd September 1 
a fall of 1° -5 A was also recorded at l gkm. lev el. The temperatuies at 2 and 3 gkm 
levels were nearly the same on both the dates, but the temperature diminished 
progressively upwards from 3 gkm level Between 12- 15 gkms it fell by 5', 
though at 10 and 17 gkms. it was less by about 3' only. 

Theleveloftropopauseon3rd September was at 10 22 gkm (press 105 mb., 
temp. 194° A, potential temp. 372°) As the me teoiograph did not penetiatc levels 
above 17 km., there is considerable uncertainty in ascertaining the level of 
tropopause on 5th September. It may be fixed at about 10 05 gkm .temperature 
190 °. 5 ; but above this level tempeiature was still falling slightly, being lS9°-5 at 17 
km. 

The height-temperature diagrams for the ascents on 3rd, 5th, Otli and 7tli Sep- 
tember are given in Figs. 4 a and 4 h. Attention is here drawn to the poition of the 
curve for 5th September between 14-90 and 15-03 gkm where its trend is disturbed, 
howing a decrease in the vertical lapse-rate of temperature. 

1 No rainfall was recorded at Agra between the evenings of 3rd anil 5th Neptembci, though 
there was rain in surrounding places, e </., Allahabad, Benares, Lucknow and Jhansi. In the 
early morning of 6th September there was drizzle at Agia. Cooler air had apparently come 
over Agra by the evening of 6th September.. The cooling at the lowest layers may have 

caused to some extent by the flowing of easterly rain-cooled air of the adjoining oounlry. . 
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The depression considerably intensified by the morning of 6tli September and 
deepened a little more by the next morning , its central region with the lowest pres 
sure lay between -10- 180 miles to the south of Agra. The meteorograph lot off oil 
the evening of fith September 1 may lx* expected to lia\e traversed at least the outer 
regions of the upper air affected by the depression, as the pressure at all heights, 
from ground to 18 gkms., as seen from Fable //.were lower than tho^e atthecoires- 
ponding levels on 5th September the fall \ drying fiom 4 mbs at giound to 
1 mb at le\ els near the tropopa use On (ith September there wasafurthei fall m 
temperature of T 5 at 1 and - gkm compared to those on the* 5th Septembei Fiom 
— 7 gkms it. was of the 1 order of 1 only. But from 8- 12 gkms . though the change 
m temperature was not marked, there was no fall 2 . 


At 111, 11 and 15 gkm. levels a dec lease m tempeiatuie by 1', 2“ 5 and 1° res- 
pectively was recorded, but it incieu'cd bv V *5 at 17 gkm compared to those for 
the same le\els on 5th September. 

On the evening of 7th September, thcdepiession was apparently weakening as 
shown by the highei pressmen above 2 gkm Kxc opt on the ground whew a further 
decrease 3 of 2 was iccoided, the temper, ituns foi all heights up to 7 gkm. were 
higher than those on (ith September 


On (ith Septembei an Mdhcim.il legion existed between the heights of 15150 
and Kioto geodvna mic nieties followed b\ a weak ulvcimoii iif > to about 17 gkms. 
after which the intensity <d the invei.-ion nunaMcl The* tiopopause was at 15 15 
gkm 4 , the levels of tiopopause on Hid September and 5* h September being 
at 1(5 22 and Hi 55 gkms. icspec ti\clv 


The lowering of the tropopause with the* distribution of temper uturc just below’ 
and above the tropopause on (ith September is remarkable. 


In Table III are given equivalent potential temperatures for le\els. upto (igkms. 
only for 3rd, 5th, (ith and 7th September. 


'The w cat he i conditions at Agia on (ith Septembei 1032 weie .'is follows* From cailj 
moinmg to OS IS Ins I S T. the skv was ovei cast with St and Uu nh clouds, accompanied 
with drizzling at intervals At mjd-dav A cu and (’i st weie observed along w r ith (hi and Cu nb 
Rain at IS 07 and 19 30 his from Nb clouds was followed latei bv showvis at intervals with 
occasional thunder and lightning The skv w r as over cast with low clouds at the time of ascent. 


‘-Attention is hen' diawn to the distnhution of tempeiatuie of 26th August 1029 and 27th 
August 1920 ovei a depression noai Agi a (vuie N K Sur Inc nt Table l ) It is notc-w'orthy 
that the tenipeiatuies from 5 to 9 gkm levels weie not lower but slightly highei on 26th than 
those for the same levels on 27th when the depression was weaker than on 26th 


a Tlns cooling may have been v cry lai gel v pi oduced by rain falling on 6th and 7th September . 

4 Tho noimal height of the tiopopause ovei Agra in September lies between 16 and 16*5 
gkms. Compaie with the level of tropopause on 26th August 1929. See N. K. Sur, Joe. ct U 
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TABLE III. 


Equivalent Potential Tnnpeiatine and Relative Humidity. 



I 3 9 32 

5 9 92 

6 9 32 

7.9 

.32. 

Gkm 

*. ( i 

RH 

n 

n 

■o 

R H 

o 

i) 

°(i 

RH 

u 

I) 

° ( i 

R.H. 

% 

0 17 

7K 

l* 

85 

78 

SO 

80 

78 

80 

0 5 




• 

81 

85 

78 

83 

l 

7S 

73 

7fi 

79 

73 

91 

78 

86 

i r» 

77 

01 

70 

92 

71 

90 

73 

i 

84 

2 

75 

90 

75 

85 

72 

98 

73 

83 

3 

fit) 

58 

75 

92 

73 

97 

73 

82 

4 

05 

32 

74 

S3 

71 

84 

75 

48 

5 

fit) 

10 

73 

90 

71 

98 

76 

79 

b 

71 

IS 

74 

1(H) 

71 

100 

77 

83 


The higher eqin\aleiit ])otentiiil tempera tui es fiom 3 to 6 gknis on Bth Septem- 
ber compand to those foi the same levels on 3rd September are signifi- 
cant, for though the temperatures at these levels decreased on Bth September 
humidity mci eased maikedly and the 1 air had greater heat-content. Another 
notevvoithv lesult is that on bth September, when the depression deepened, the 
E. P. tempei ,itui es decreased sliglitly from 1 to b gkm. levels. The temperatures at 
these levels decreased m compaiison to those on Bth September, but humidity in- 
creased slightly from 1 to 5 gknis. The E P temperatures on giound on these two 
dates were practically equal, and there the temperatures also were equal. 

On 7th September, the decrease of tempei ature on ground and atl gkm. was 
accompanied with a fall of E. P. temperatuie also, but m the higher levels these in- 
creased except at 2 and 3 gknis , where these were the same as on the preceding day. 

The E. P. temperature at 1 gkm. on 7th September is greater than the. corres- 
ponding one on Bth September though the temperatuie at 1 gkm. on 7th September 
was less than that on Bth September for the same level. 


The data presented in tins note agree in the main with those in the previous 
communication. A tropopause at a lower level with a characteristic isothermal 
region has been found to exist over both the depressions, when near Agra. 

The lowering of the tropopause accompanied with an increase of temperature m 
the lower stratosphere and the associated isothermal region can be explained as due to 
the sucking dowm of air of the lower stratosphere and the divergence of air of the 
troposphere just below the tropopause, which is usually pictured to take place in the 
higher levels of a depression near the tropopause. 1 The downward motion of air 
of the lower stratosphere is accompanied with heating, as is shown by the higher 
temperatures on bth September just above the tropopause at 17 and 18 gkm. levels. 

1 See A. Refsdal, Zur Thermodynamik der Atmospahre, Geofysiske Publikasjoner, Vol. IX, 
No. 12, fig. 12, p. 55, 1932. 
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The upward motion of air over a depression causes a fall of temperature just below 
the isothermal region as .shown In the temporal ures at 13, I 4, and 15 gkm levels 
on the same date as compared to those on 5th September The isothermal region may 
be due to the heating caused by the divergence of air, which is accompanied with 
an increase of cross-section 1 

Not a fall but perhaps a vet y slight increase of temperature at 8 1 2 gkms (ex- 

cepting at 11 gkm.) was recorded on 6th September as compared to those at 
the corresponding heights on 5th September The depression had intensified moi e on 
6th September As mention'd before slight Iv higher temperatiL f e> from 5 to 9 gkms. 
on 26th August 1929, when the depiession was more deep than on the succeeding days 
had been noticed This is no doubt parti \ due to the presence of middle and high 
clouds, hut it- may point to another featuie It piobablv also indicates the lifting 
up of the w T armer air mass of the depression to a higher level, when it had deepened* 

4 

The present stat** of oui knowledge of depressions of the Indian southwest mon- 
soon season can onlv lead to conjectuies rcgaiding the physical processes going on in 
such a depression The depressions of the monsoon season in India aie not symme- 
trical with reference to their centres as is show n by tin 1 distribution ot lainfall in the 
different, sectors of a depiession, but little is known regarding the distribution of 
temperature in the upper air above the different sectois The two masses of air 
responsible for the birth of a depression in the Bay of Bengal the southwesterly and 
easterly streams of the monsoon, flow in opposite dnection and the gradient of tem- 
perature m horizontal levels of the upper an is fioni north to south, the easterly 
branch being somewhat warmer than tin* southwesterly, as can lie inferred from the 
normal temperatures at different heights of the troposphere obtained from sounding 
balloon ascents at Agra (Lai 27° 08' X Long 78‘01'E) and Poona (Lat. 18°32 # N, 
Long 73°51'E) This gradient of tempeiature being opposite to that usually pre- 
vailing in an extra-tropic al cyclone, the monsoon depiessions move in an opposite 
direction to that of the latter, ? v , towanls west These depressions have a few 
features of asvmmetrv similar in some respects to that of an extra -tropical cyclone, 
and it s not altogether improbable tl at the fall of t ■mp^rnturo. a** well as the slight, 
decease in heat-content of air at I- 6 gkm levels, accompanied perhaps with the 
lifting up of w T .irm air upto 12 gkms on Oth September indicates a phenomenon 
analogous to the occlusion of an extra -tropical cyclone 

The equality of tempeintures, and E P temperatures on 5th and 6th September 
on tin* ground does not necessarily go against t lie above idea Foi the K P tempera- 
ture on 6th September began to decrease soon aftei the ascent of the meteorograph as 
shown below — 

TABLE TV 


Date 

Hrs (1ST) 

osoo 

1200 

1400 

1530 

ifioo 

1700 

1800 

1900 

5 9 32 

E.1\T.( 5 <’) 


El 

85 

82 

82 

85 

83 

82 

Date. 

Hr. (I S. T ) 

1700 

1730 

1810 

1900 

1930 

2200 



69 32 

K P T. (°0) 

S 5 

85 

79 

79 

79 

75 



Date 

Hrs (1ST) 

0200 

0800 

1200 

1400 

1520 

1640 

1725 


7 9 32 

E P T (°C) 

75 

75 

81 

85 

80 

74 

78 



1 Vide N. K. Sur loc at. (Vmipare also the distnhution of temperatures on 26.8.29 at. 
16, 17 and 18 gkms. for use of tcmpcratuie and at 12, 13, 14 and 15 gkms. levels for decrease 
below the isothermal region extending from 15*21 to 15 71 gkms. 
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The values have been computed from a dry and wet bulb thermograph at the 
Agra Observatory. It showed a sudden decrease of temperature of about 5° • 5F and 
2 J F m the records of the dry and wet bulb respectively at 1810 hours I S.T.; lightning 
being also noticed in the neighbourhood of Agia. A squall of a short duration 
commencing at 1800 hrs. and lasting foi 8 minutes only is also noticeable on the 
Dines P. T anemogram for 6th September The speed of wind during the squall 
increased from 8 miles to 20 miles per houi, after which it again fell to 9 miles per 
hour. The direction of wind previous to its onset was from NE, but changed to 
SE, while it lasted, and again assumed i lie NE direction after it was over. It 
continuously changed from NE to USE 1 from about 2100 hours I. S T. on 
6th September to 0900 hrs I S. T on 7th September. A lamfall of 0-38" during 
the ? quail was recorded bv a self-recording raingauge at Agra. These 
phenomena associated with a lower 2 E P temperature after 1810 hrs. show that a 
different mass of air spread over Agra after 1800 his 1ST on 6th September. 

It is believed that the cold air behind the cold front of an extra-tropical cyclone 
can generally sink as a whole m its later stage 1 of development and spread on the ground 
and thus lead to occlusion of the cyclone The squall at 1800 hrs 1ST, associated 
with rainfall, and fall of temperature and E P temperature, and the continuance of a 
lower temperature till the* eveiung e>f 7 th September show that probably the cold 
air descended at that instant, and that ufteiwaiels it spieadonthegiound. Though the 
available date m the present case are' insufficient te> permit a detailed study of the 
phenomenon the above tentative* suggestion lias be*en put forward to be further 
developed or modified as more' complete information become available. 

The depression of 26th and 27th August 1920 discussed in the previous note 
developed in the* Bay with the* passage* of a low pleasure wave through Burma, but 
the present one* formed in the* Bay without* being preceded by such a wave. Both 
have* shown similar distribution e>f temperatuie m the* neighbourhood of the tropo- 
pause, above and below it, and its level over Agra, when the depressions were near 
the place, was lowered simultaneously with their deepening. If these features arc 
associated wutli the deepening of a depression in its later stage of development, it can 
be expected that these characteristics will not be found over a depression freshly 
foimcd m the Bav of Bengal during the monsoon. 

Mv thanks are duo to Messrs Ram Saliav, Bnj Mohan and Vulva Bhushan of the 
Agra Observatory for help in computation and preparing the diagrams, and to Mr G 
Chatterjee, Mctcorologist-m-eharge for placing the sounding balloon data at my 
disposal 

J The (hi cc t ion of ground wind at 8 lira, on 6th September 1932 was ENE, and at 8 hrs. on 
7th September 1932 was E 

“The increase at 12 and 14 lira I S T on 7th September 1932 is evidently duo to insola 
tion The fall after 18 hrs I S T on 6i h September is not duo to the approach of night, as 
shown by a comparison with the \aluos of E L\ T at ISOO and 1900 hours on 5th September. 

:, See Physikalischo Hydrodynamik by V, Bjerknes, J. Bjerknes, Sol berg, and Bergeron 
1933, pp. 517 and 718. 6 
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SOME OBSERVATIONS ON THE THERMAL STRUCTURE OF CUMUUFORM 

CLOUD. 

BY 

Flt -Lieut R (\ Vkhyard, B S<\, R A F. 

( Received on 3ht Octohn 1!J34 ) 

Summon/ --Dutm# 1932 and 1933 a imnibei of observations were made at Peshawar 
Kohat «ind Risyutr, in the N -w f p , of tin* temperatures ( di \ and wt bulb) inside and 
out Hide cumulus and c uinulifoiin clouds Although the* leadings cannot be* accepted as reliable 
to within loss than I V , the\ aie interesting inasmuch as tho\ eonlirm that the* temperature m- 
siele r iimulifoi in c louel ma\ be* htglitn or Jowe*i than the tempeuatuic* of the* surrounding air An 
anahsis of the icsiilts shows that ( n ) on thiitccu out of the* fnui(c*cn occasions when the cloud 
was ohsei \ e*d to be* dissolving. it,s temperature was mainly lowei than that of the surrounding 
ail, and (/>) out of twenty occasions when tin- cloud was observed to hi* glowing, its temperature 
was mainly highe*i than th.it of the* suiiounding an on ten oe evasions but mainlv low'er on six 
occasions With icgard to the c|uestion of super sat unit ion, the* observations do not show' con- 
\incingl\ that Hipcrsatuintion occurs in c umuliforrn cloud 

Whilst tin* authoi was on «i vi hit to the Headquarters of the Tnclia Meteorological 
Department early in 1931 lie was asked hv J)r t 1 W B Normal id, M A , I) »Sc , the 
Direct oi (icncial of Obscrvatoiics to make* arrangc*m<*nts with the Royal Air Force 
to take, if possible some observations of temperatures inside* and outside* cumulus 
clouds m e>rele*r to ascertain wh«*the*i su<*h obse*rvatiems weiulei veiifv the results 
obtaine*el bv W Kopp and otlie*is to '*) Kopp had obse*rve»d that a hill of tempera- 
ture e)e*e*urreel on entering e*umulus clouds, the* fall ])e*mg greatest near the top of such 
clouds but compaiat ivedv small m*ar the* base* In orele*r to account fe>r the buoy- 
ancy of the* elemel, Kopp put feirwarel the theeiry ( l ) that supe»rsaturation up to 300% 
or more* occurs msiele* tlie* e*le)uel and actually quotes one case* of supe»rsaturation amount- 
ing < e> t) 00 ° o (Vrtainlv, erne* might ele»eluee such supe»rsaturatiem te> occur by assum- 
ing, for a edemel in the* ste*ady state, the* density inside and outsiele* to be the same. 
If, however. there* is supe*rsaturatie)ii in cumulus e*louels, the* behaviour of a wet bulb 
thermometer tlie*ie*in would be* erf gre*at inte*rest Tt was ccmside*re*d desirable there- 
fore. tei arrange* for wet bulb readings to be taken inste»ad of obtaining humidity read- 
ings with a hair hvgrograph That is, it was eloeme*el important whenever a change 
erf drv bulb temperature was recorded bctwce*n t lie* inside* and outsiele of a cloud, to 
know also tnc simultane*ous variation of the* w’et bulb te*mpe*rature* 

In tlie* tirst four pape*rs given in the list of references at the e*nel of this note, all 
the authors state that with the aiel of self- registering instruments, they found the 
temperature inside cumuliform cloud to be lower than that of the surrounding air , 
also S Mai ( 6 ) in his paper on stratified clouds gives three curves showing a fall of 
temperature within strato-cumulus and alto-cumulus clouds W Wenzel, ( 6 ) how- 
ever, obtained one case when the temperature increased on entering the cloud Never- 
theless, Wenzel did not contradict the results of Kopp but stated that the clouds in 
M46DGrfOb 87 
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which the latter made his observations were probably in a dying stage, whereas in 
his, Wenzel's, case the cloud was actually m a stage of formation 

F. J W. Whipple ( 7 ) suggested that Kopp's observations might be explained by 
supposing that, whilst the cloud in actually heavier than the surrounding air, support 
isprovided by the lightness of the ascending column of air below He pointed out 
that before the condensation level is reached the rising air may be a little colder than 
other air at the same level In tins icspect the observations made by the author at 
Thandiani — given as an appendix to tins note— are interesting 

C K SI Douglas ( s ) subsequently pointed out that he had already ( 9 ) noted the 
same phenomena as Kopp, and was of the opinion that the* warm air rising from a 
layer near the giound- the lapse rate in this layei exceeding the adiabatic — floats 
upwards like a bubble 4 , and, although losing eventually its original vertical velo- 
city, is carried beyond the cepulibiium position by its own momentum If this is 
correct one would expei t using emrents under a developing cumulus cloud, but a down- 
ward movement under a dissolving cloud On most of the days when the clouds 
were glowing pilots did repeat " bumpiness ', pai t icularlv at levels where the lapse- 
rate was siipcradiabatic On the othei hand ‘‘ bumpiness ' was not observed on 
every occasion when the cloud w.b mowing and was sonu*timcs reported on days w r hen 
the cloud was actually melting However ihe “bumpiness" associated with cum- 
ulus clouds is not nece^aiih eluc to \citieal cuncnts it may be caused by eddy- 
motion or even !>v small ehanges e>t wind diiection or velocity Moieover, prac- 
tically all the observation^ were nude <»v**i or licai lulls with the 1 result that “bumps” 
would be felt on account of megulai movements cau-cd bv the uneven contour of the 
ground 

In a later papci ( lw ) on e loud ibimation, Douglas suites that “ in tint* weather 
the air round the clouds i^ often div and the* effect of the difference of humidity on 
the buoyancy of the (loud ma\ 1 m* Milheieut to balance a slightly lowi*r temperature 
in the cloud ranging up to 1 C mcxlicmc cases" f llu* obsei vat ions on 9 9 33 and 
23 9 3*1 support this idea Appicciable ditlcicnces of humidity were also recorded 
when the w T eatlier was distmhed i e , on 29 3 32, 9 S >2, 2s 12 32, 15 2 33 and 23 <> 33, 
although on 9 N 32 the cloud ^ ’u.Xb) was warmer tlian its cnvii eminent , on 29 3 32 and 
15.2 33 the bottom of the cloud was waimci but the 1 topcoldci, than the surrounding 
air. 

It is perhaps uppiopnute to icier heie to t-lu* very interesting record obtained by 
L. H. G. Dines ( 1A ) at Kcvv when a registering balloon, with a meteorograph atta- 
ched, apparently passed thiough the (eiitie of «i cumuliform cloud. The record in- 
dicated exceedingly sudden ( hang(*s m the lapse-rate of temperature An important 
feature was the very rapid fall of tempeiatuic - about. 5 (J per 100 m— combined w r ith 
a sudden fall of relativ e humidity in the lay er of an j ust abov t* the top of tin* cumulus 
cloud. Dines suggests that tin* relatively drv air above the rising top of the cloud 
would be borne upwards and thus acquire a temperature lowei than that of the satu- 
rated air below 1 owing to the diffidence between the adiabatic lapse* iate*s for saturated 
and unsaturated air. The* dry l.i\ T e*r would also be* cooler than the undisturbed 
air at the* same level (unless the* general lapse- rate equalled the dry adiabatic) and con- 
tinually slide off the* “ hump” of the cumulus cloud No records were obtained 
having any exact analogy to this case, which was probably abnormal. 

With regard to the question of supersaturation a recent article by W. J. 
Humphreys ( 12 ) proves to be rather disconceiting to those who believe in the existence 
of supersaturation in the atmosphere Also a paper by Fmdeisen ( 13 ) shows that 
any considerable supersaturation in clouds is impossible, but a slight supersaturation 

* In a recent communication to the author ('apt. Douglas says that the structure is too 
coranlex to be represented leally adequately by a bubble, and that there may be something of the 
oo 11 ft ucture — of the type investigated by Sir Gilbert Walker 
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may occur in rapidly rising currents owing to the cloud particles being a little warmer 
than the expanding and cooling air. On a number of occasions the reading of the 
wet bulb was higher than that of the dry bulb bv () 5 to 1 0 K but, in view of the 
order of accuracy and in the absence of more evidence these readings must be regarded 
as fortuitous. On tin* other hand, there were a few instances when the air inside 
the cloud did not appear to bo completely saturated, c //., on 13 5 33, 10.7.33, 21.7.33 
and 17.9.33. In this connection attention is draw n to an article ( 14 ) on fog and rela- 
tive humidity in India in which cases are cited where the percentage humidity was 
less than 100% in what appeared to be fog 

It seemed at first that it would be a fairly easy matter to obtain readings of dry 
bulb and wet bull) temperature's in cumulus cloud as suggested by Dr. Normancl. 
The five squadrons attached to No 1 (Indian) Group Headquarters had regularly 
carried out daily meteorological flights for many years and the Group Commander 
(now Air Commodore A S Bariatt, (<. 11 ( \ ) icadily ga\e permission for an appeal 
to be made to pilots to take readings in and near cumulus ( loads whenever a suitable 
opportunity occurred- provided no unneecs*ar\ iisks were liieinred It should be 
mentioned that the five squadrons (Nos 11, and 39 at Uisalpur, 27 and fiO at Kohat, 
and No 20atPcshawur) oat h take their turn for «i week at a tune in observing upper air 
temperatures d«iily up to 15,000 10.0(H) ft abo\c ground le\ el The heights of Kisalpur 
Peshawar and Kohat aerodromes are le.spec tively 1,050 ft , 1 150 ft , and 1,750 ft., 
above sea level. The surrounding country is very rugged, and the high mountains 
(over which cumulus and cumulo-nimbus cloud so frequently foims) more or less 
follow- the line of the frontier across which it is forbidden to fly As no special flights 
were permitted, most of the ascents were made m the morning (t r .during working 
hours) when cumulus clouds are generally in a stage of development As a result 
there were less opportunities for taking observations in clouds that were in a dying 
Rtage. In any case, the danger of entering \crv thick cumulifoim (loud over such 
mountainous country- mostly barren .and desolate within such a short distance of 
the frontier reduced the chances of taking obser\ ations to a minimum Neverthe- 
less, the appeal to pilots to take readings whenever a reasonable opportunity occurred 
during a meteorological flight produced a most satisfactory response 

The only recording instruments available wen* a barothormograph made by 
the R A E. and a Bosch meteorograph The former instrument possessed no 
humidity element and too constricted a scab 1 for the object m view'. The 
latter instrument although suitable for the purpose* could not be utilised owing 
to the lack of apparatus for the frequent calibration that would have been 
necessary and to the want of skilled personnel for working out the results. 
Hence there was no alternative except to use the ordinary strut psvehrometer 
in daily use without a supplementary recording instrument When the obser- 
vations w r ere commenced, in 1931, an instrument with sliding lens ( 15 ) was 
the only typo available. This psych rometer had always been unpopular with 
pilots owing to the difficulty of discerning clearly the top of tin 1 mercury columns 
because of stray reflections, etc., and a request had already been made for the supply 
of a better type of instrument. On several occasions pilots were quite unable to 
take readings in cloud owing to the deposition of water on the sliding lens. Also, 
moisture w-ould collect, on the bulbs of the unprotected dry bulb thermometers and 
thus vitiate the observations. Early in 1932, howexer, a supply of new strut psy- 
chrometers was received — the thermometers of which were made with lens-fronted 
stems like ordinary clinical thermometers Each thermometer had been carefully 
tested and calibrated at the N P L Only readings obtained with these instruments 
have been included in this paper — the results obtained with the onginal psychro- 
meter being regarded as unreliable. The observations were discontinued soon 
after the expiration of the Polar year. 
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The author gave personal instructions regarding the method of taking the 
readings during his annual lectures on meteorology. These instructions were 
subsequently supplemented according to the directions contained in Circular 
No. 34 (12.7 32) issued by the International Meteorological Committee. The 
psychromcter was fitted to an outer strut with the wet bulb to the rear or lee- ward 
side of the dry bulb Readings were taken at ground level and at every 
1,000 ft. — the altimeter being set at zero before taking off It was left to the dis- 
cretion of the pilot at what intervals lie should take readings inside and outside clouds. 
As a check on the behaviour of the altimeter, a sensiti\e aneioid. which had pre- 
viously been calibrated, was also read at eveiv 1,000 ft Arrangements were made 
for the w T et bulb to be provided with clean wick and linen at least once a week Pilots 
were asked to fly their machines m such a direction as to avoid direct radiation oil the 
psychromcter during the actual tune of obsci\«ition, and to take readings in cloud 
during the ascent and not during the descent All tlie observations w ere made whilst 
flying horizontally It will be realised that the time taken by a machine to traverse 
a cumulus cloud of even large dimensions would be very short Owing to the com- 
paratively slow T action of the strut psychromcter it was necessary to read to the nearest 
0-5°F. (by no means an easy matter) and to ensure that the thermometers were 
“ steady ”. 

It will be seen from the results obtained that the differences of temperature 
actually observed between the inside and the outside of the clouds w'ere all 
very small In fact, it is highly probable that the true differenc es wctc appreciably 
greater and the readings cannot be regardedas accurate to within less than 1‘ V Only 
those observations which are considered to be fairly reliable have been given in this 
paper, and it is regretted that the efforts of many pilots have had to he disregarded 
chiefly because of their failure to ifc flatten out " for a sufficient length of time at the 
level of observation The author went up himself on several occasions to take the 
readings and therefore realises how very difficult it was to nuke precise observations 
On one interesting occasion ( l6 ) the author and his pilot had an attack of ha v fever 
whilst flying m a small cumulus cloud The 1 observations therein w r cre consequently 
unreliable ' 

The data obtained are set out in Table I —the readings actually taken inside 
cloud being given in brackets The weather conditions for each date on which obser- 
vations were made, together w r ith brief remarks on the results obtained, are given m 
the last Column of Table / 

It will be noted that the pilots sometimes observed a drop of temperature inside 
cumulus cloud as noted by Kopp, but at other times a rise of temperature as detected 
by Wenzel. Omitting the results obtained on 13 2 32 and 23 3 32 when readings 
were not taken both inside and outside the cloud, it will be seen that, out of 34 sets 
of observations the cloud was mainly cooler than its environment on lb occasions and 
mainly warmer than its environment on 10 occasions On the five remaining days the 
cloud had either the same temperature as the surrounding air or was partly warmer 
and partly cooler. The greatest differences observed w r cre 3-()°F for the dry bulb 
on 12.7.33 and 5*5°F. for the w r et bulb on 9 8 32 Height temperature-humidity 
curves are given in Figs. 1 and 2 showing the observations made on 15 2 33 and 
12.7.33. 

Analysis of the data shows that on 14 occasions the cloud was observed to 
be dissolving and, except on 15 2.33 the temperature in each case was mainly lower 
inside the cloud than outside. 

On 20 occasions the cloud was observed to be in a state of development ; in 10 
cases the surrounding air was mainly cooler, and in 6 cases warmer than the cloud 
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itself ; on 1 2 32, 29 3 32, and 25 6 33 the cloud was warmer at the base, but either 
cooler or the same as outside at the top , on 17 9 33 no difference was observed be- 
tween the temperatures of the cloud and that of its environment 

Of the 31 sets of readings 25 were taken in cumulus cloud , in 7 cases the cloud 
was mainly warmer and in 1 1 cases mainly colder than the air outside , on the 4 other 
occasions the temperature of the cloud was either the same as, or partly higher and 
partly lower than that of its environment 

Readings were taken inside cumulo-nimbus cloud on (5 occasions , in 3 cases the 
cloud was warmer and m 2 cases slightly cooler than the surrounding air , on 1 day, 
1 2 32, the cloud which had a flat summit —was warmer than its environment at the 
bottom but practically the same* at the top 

Observations were made in alto-cumulus on one dav only, 24 3 32, when the 
cloud, which was castelleted, was slightly cooler at its base and slightly warmer at 
its top than tin 1 air outside 

Readings were taken in strato cumulus on three occasions, on each of which the 
temperature of the cloud was sliglitlv lower than that of the surrounding air 

An examination of the lapse-rates of temperature shows that in only one case 
was an inversion reeorded below the cloud, i p on 10 7 32 On this occasion the in- 
version was associated with a change of air-miss In many cases there was a super- 
adiabatic lapse-rate at some level below the cloud, especially on those occasions when 
the cloud was growing Regarding the lapse-rate inside the cloud, it will be seen that 
it was equal to or greater thin the saturated adiabatic on 23 out of 30 occasions. 
With the possible exception of the alto-cumulus cloud, observed on 24 3 32, the lapse- 
rate in clouds that, were in a process of development was equal to or greater than the 
saturated adiabatic m every ease For dissolving clouds the lapse rate therein was 
less than the saturated adiabatic on four occasions It is feasible that a lapse-rate 
within the cloud exceeding the saturated adiabatic might be produced when air just, 
above the cloud is iirst forced upwards whilst still unsaturatod and later absorbed 
into the cloud One may sometimes set* * caps ' above growing cumulus absorbed in 
this way An examination of the lapse-rate at the top and immediately above the 
clouds indicates that, the majority of cases whim the clouds, or their tops, were colder 
than their environment occurred when they projected into an inversion or stable layer. 

In conclusion, the author desires to emphasise the fact that these observations 
cannot be regarded as entirely accurate for reasons already explained, and it is con- 
sidered inadvisable to arrive at any definite conclusions On some days it was doubt- 
ful whether the pilot had reported the right kind of cloud and also whether he had 
correctly observed the state of the cloud, ? e , growing, steady or melting Compari- 
son was therefore made m every case with the weather reports from the stations in 
question, and pilot’s remarks, when obviously incorrect, were amended accordingly. 

The author wishes to thank all those pilots who endeavoured, successfully or 
otherwise, to take these special observations, particularly Flight Lieutenant V. Q. 
Blackdcn, whose personal co-operation whilst he was at Peshawar, was most valuable. 
Thanks are also due to Air Commodore A S Barratt, C M G , and Air Commodore 
B E Sutton, D.S.O., 0 B E , M C ,— successively commanding, No 1 (Indian) Group 
Headquarters, R. A. F — for kindly giving permission for these observations to be 
carried out. 

Finally, the author wishes to record his best thanks to Captain C. K. M. Douglas 
for his valuable comments on the original draft of this paper. 
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APPENDIX. 


Whilst on leave, during the monsoon season, at Thandiam,a hill station appro- 
ximately 9,000 feet high, in the Hazara District of theN -W F P , the author ob- 
served that on fine days a patch of cumulus cloud formed almost regularly on or over 
the peak of a lull known locally as " Panther Hill ’ As this peak is easily accessible 
it was considered a good opportunity to take observations (?) in or immediately below 
the cloud, and (n) below but to the side of the cloud The ridge on which the observ- 
ations were made forms a rough escarpment with a fairly steep slope to the South 
East- the direction from which the monsoon current normally approaches the 
station. To the north west the ridge slopes gradually downwards with spurs running 
outwards on each side in approximately a north east or south west direction The 
diagram below illustrates the relative position of the 1 two points of observations, 
i.e , X x at the highest point of the ridge overlooking the valley below, and X 2 a point 
somewhat lower down and approximately a half a mile distant from X 1 Actually 
the places chosen for Xj and Xo varied a little according to the size of the cloud. 



The average time taken to reach X^ fiom X t aftei tikmg the first set of 
observations was about 10 minutes An ordinary Yssmmn psvehrometer was 
used to take dry bulb and wet bulb readings Small pieces of thin paper 
served to studv the air motion no u the peak and a rough estimate was made 
of the thickness of the (‘loud Precautions were taken to avoid direct radiation 
on the thermometer stems The results are given in Tahir [I It. will be seen 
that the air immediately below or in the cloud was slightly warmer than the 
air to the side when the cloud was growing — the difference being 0*5°F on 
the average On tin* occasions when the cloud was melting very little diff- 
erence was recorded On 2 9 33 the wet bulb reading inside the cloud w r as 0*3°F. 
higher than the dry bull). ( )n two occasions w hen readings wvre taken inside the cloud 
the percentage humidity was less than 100%, i r , on 15 8 33 and 22 8 33. No coro- 
nae were observed, but on 26 8 33 the phenomenon known as the ‘ Brocken spectre 9 
was seen inside the cloud It is hoped to take a more complete set of these observa- 
tions at Thandiani next year. 
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Peshawar. 


Time of taking off 


. . 1410 hrs. 


Squadron 


20 (A C ) Time of maximum height. 1500 ,, 

11-1-32 Time of landing . 1525 „ 


Height 

above 

ground. 

ft. 

(hundreds ) 


Drv Bulb 


Wet Bulb 


Humidity 
per cent 



PoshiiW <11 


Weather conditions and remarks 


Sk\ lightly covered with Ci »St , A St , and 
A < ’u at limt —becoming heavily covered 
with Ci ( ’u , Ci St and A Cu , also Cu 
ovei lulls during morning Mamh ovoroaat 
with A St , A Cu and Cu in afternoon 
and evening — c loaring gradually at night 

Pilot reported slight 1 bumpiness ’ from 7,000 
foot to base of cloud 

Readings were taken inside Cu cloud, base at 
S 20 > feet, thickness 500 feet The cloud 
appeared to be still giowmg but may 
have leached a 1 steady ' state as it began 
to dissolve soon aftei the observation* 
were made 

The dr\ bull) was the same outside and inside 
the t loud at its base, but higher inside at the 
top The wet bulb was higher inside 
High lapse- rate from giound to 1,000 feet 
ad supei adiabatic lapse-iate below cloud 
fiom 7,00) feet to H.OOii feet Lapse 
late inside* cloud equal to saturated adia- 
batic St iblo la\cr above* top of i loud 


Ti-t e id taking oil 


Squadron 


20 (VC*) Time of maximum height 

12-1-32 Ti c* of landing 


1045 ,. 



Dry Bulb 

* op 


5(30 5) 

3 ( 2 ») 

5 (2ft f>) 
(23) 



Weather condition*, and reinaikh 


Sky licaviR c oveied with \ Cu and Cu 
in mornirig oc casional bright intervals- - 
c loud decreasing overhead at midday — 
hoc oming i loai in afternoon 'evening except 
for Cu and Cu Nb ovoi hills — c Ic*ar at 
night 

Readings wc re taken inside growing Cu 
c loud, base at 7,500 feet, thickness 1,500 
foot Observations weie not made* out- 
side top of cloud at 0,000 feet Except at 
the base* of tho c loud where it was the same, 
the drv bulb was higher inside the e loud 
than outside The wot bulb was also higher 
inside Kuporadiahatic lapso rate from 

4.000 foot to 5,000 feet and also inside 
cloud High lapse -rate above cloud from 

10.000 foot to 1 1 ,000 feet Humidity loss 
than 100 per cont at baao of cloud. Wet 
bulb 0 5° higher than dry bulb at 8 y 500 
feet inside cloud 
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Table I — contd. 


Station 



Kohat 

Timo of taking off . . 0830 hrs. 

Squadron 



. 27 

(») 

Timo of maximum height . . 0925 „ 

Onto 



.. 31 

-1-32 


Time of landing . . . 1000 „ 

Height 







abo\o 







ground 

l)i\ Bull) 

Wol 

Bull) 

lluinidiU 

Woathor conditions and re marks. 

ft 

F 


F 

]k»i oont 


(hundiods) 







0 

50 

51 


72 


Mainly ovorcast all dav with A. Cu. and Cu. 

in 

50 

50 


OH 


t loud 

20 

55 

11) 


OS 


Headings weio taken inside Cu and A. Cu. 

30 

52 

47 


72 


cloud base at 7,900 foot and 14,000 foot 

in 

IH 

H 


75 


lcspM tivch The thickness of the Cu 

50 

U 

U\ 


71 


(loud \%as 1,200 feet The cumulus cloud 

on 

10 

37 


Hi) 


appeared to he gi owing hut was spreading 

7o 

35 

31 


02 


out laterally at the top The dry bulb 


33 5 (33 5) 

32 

(B 5) 

HH 

<ii"i) 

was the same inside and outsido the lower 

HO 

33 

31 


HI 


half of the cloud hut lower inside the 

85 

32 ( 12) 

30 

5 (32) 

HH 

(Kill) 

uppei half Wet bulb higher inside. 

HH 

30 5 (20 5) 

20 


H7 

(I"") 

High lapse iate from 8,000 foot to 7,000 

1)0 

30 

2H 


02 


foot below cloud Kuporadiabatic lapse- 

01 

(30 5) 


(ill "•) 


(H'O) 

i.tte inside cloud Inversion at top of 

95 

31 

21) 


HI 


( loud Wot bulb 0 5" highoi than dry 

100 

32 

21) 


77 


hulh at 8,800 foot insido cloud. 

110 

21) 

25 


05 



120 

20 

23 


71 



1.00 

21 

11) 


74 



140 

17 (17) 

17 

(17) 

loo 

(1IHI) 


Station . 



, 

Ritalpur. 

Time of taking off .. 1035 hr*. 

Squadion 



• • 

39(B) 


Time of maximum height . . 1130 „ 

Date 




1-2-32 


Time of landing .. 1200 ,, 

Height 







above 







ground 

I )( \ Bull) 

WVt 

Bulb 

Huinidit\ 

Weather conditions and remarks. 

ft 

F 


E 

poi cent 


(hundieds) 







0 

51 

52 


HH 


Sky hoavil> covered with Cu , Cu Nb , A 

10 

51 

IH 


82 


('ii and A St all day (base of A Cu and 

20 

40 

40 


HI 


A St above 15,000 foot) 

30 

10 

43 


HI 


Pilot reported slight 1 bumpiness ’ inside 

4o 

12 

31) 


HO 


cloud Headings were taken insido grow- 

5n 

30 

30 

5 

85 


ing Cu Nb (loud, with 'anvil', baso at 

Oo 

30 

31 


H5 


7,400 foot, thickness 3,600 foot Observa- 

70 

34 

33 


92 


tions were not made at 9,000 foot inside 

74 

31 (31 5) 

30 

(31 5) 

91 

(100) 

cloud 

HO 

20 (30) 

27 

(29) 

80 

(91) 

Dry bulb was higher inside than outsido the 

85 

27 (2H) 

20 

(28) 

00 

(100) 

lower half of the cloud, slightly lower insido 

1)0 

20 

25 

5 

94 


at the centre, hut the same insido and 

1).“) 

25 (24) 

24 

(24) 

88 

(100) 

outside* the upper part of the cloud Wet 

loo 

23' (23) 

22 

(23) 

85 

(100) 

hulh was higher inside Lapse-rato greater 

lor. 

22 (22) 

21 

(22) 

85 

(100) 

than saturated adiabatic in lower half but 

no 

21 (21) 

20 

(21) 

84 

(100) 

less than saturated adiabatic m upper half 

115 

21 

19 


74 


of cloud Stable layer abovo top of cloud 

120 

20 

17 


64 


Humidity less than 100 per cent at 8,000 

130 

17 

14 


60 


feet m cloud. 

140 

14 

11 


56 



150 

9 

8 


74 




M46DGob 
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Table I — contd . 


Station 

Squadron 

Date 



Pi"«ilpui 

11 (R) 

1.1-2-32 

Tune of taking oft 0035 hri 

Tinient lil.lMillu »s height 0055 „ 

Time of landing I >15 ,, 

Height 

above 




Weal lu i ( Dndil ions mid icmaiks 

ground 

ft. 

(hundreds) 

1 >i v Bulb 

Wit llulb 
K 

Humidit \ 
pel * enl 

0 

17 

10 

01 

Oven ast with Nb and \ St all «U>- -fre- 

10 

10 

r> 

ot 

<(u< nt shower* 

20 

(L!) 

(U> 

( 1 0(11 

Pilot reported ‘bumpiness’ fiorn 1,500 feet 

30 

(30) 

(30) 

(loll) 

to base of ( loud 

40 

(30) 

(30) 

(lOMl 

Re.n|iiigs were taken inside Nb i louds haw 

50 

(31) 

(13) 

(01) 

at 1 0 >0 fnet thu kliess t,300 fe( t H was 

00 

(30) 

(30) 

(lOO) 

not pnosibli to make ohs rv.it ions outside 

70 

27 

20 

0 ) 

t lu* < loud 

1 . 1 ] sc l itc 111 1 loud m.iuilv equal to till' 
saturated adiabatu Humidity loss than 

loo per cent at 5.000 feet in cloud 


Station . 
Squadron 
Date .. 


P. sh'iwiir f I lino of taking oil 1000 hrs 

20 (A C ) Tm c of maximum hcuht 1055 , 

18-2-32 Tumi of Undine 1130 tf 


Height 

above 

ground 

ft 

hundreds) 

Dry Bulb 

F 

Wot Hull. 

F 

1 

Humidit \ 
pci unit 

0 

51 

1 

to 

Ot 

10 

55 

1 1 

37 

20 

54 

to 

Jb 

30 

50 

3 7 

20 

40 

47 

35 

20 

50 

42 

32 

30 

60 

38 

3o 

U 

70 

35 

32 i 

77 

80 

30 

20 

90 

82 

29 (20) 

28 (20) 1 

00 (100) 

85 

27 (27 5) 

25 (28) i 

89 (lOO) 

90 

25 (25) 

(.tf) 

SS (lOO) 

95 

23 (24) 

22 (24) 

85 (100) 

97 

(21) 

(21) 

(100) 

loo 

20 

19 

8.3 

110 

17 

16 

82 

120 

12 

11 

1 70 

130 

9 

7 

01 

140 

6 

2 

31 

150 

2 

2 

10 


Wc.it lu r < onditions and nenarkts 


Sky heav ily i overod w ith Pi St, Cl Cu , A. 
St , A Cu , and St Cu , at first — Hearing 
rapidly overhead in forenoon but Cu and 
Cu Nb im teasing over hills — lightly 
(loaded with Ci , Ci St , and also detached 
Chi and Cu Nb over hills in afternoon 
and evening- -< leal at night 
Pilot reported ‘ bumpiness * between 4,000 
feet and 5,000 ft and in top of cloud 
Readings wore taken inside growing Cu 
(loud, base at 8,200 find, thu k ness 1,500 
feet 

The dr\ bulb was the same or slightlv higher 
inside than outside the cloud Wet bulb 
was higher inside High lapse rate from 

7.000 feet to 8,000 feet below cloud, and 
from 11,000 feet to 12,000 foot above 
(loud Lapse -rate inside cloud mainly 
greater than saturated adiabatic Wet bulb 
<1 5 higher than dry bulb at 8,500 foot 
in cloud Humidity very low' from 2,000 
foot to 4,000 feet and from 1 1,000 feet to 

15.000 foot 
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Station . 
Squadron 
Date 


IV^h.iwai 
20 (A C * 
23 3 3 * 


Height 

above 




ground. 

Dry Bulb 

Wet Bulb 

Humidity 

ft 

F 

L F 

pi r » cut 

(hundreds). 



0 

67 

60 

67 

10 

67 

00 

69 

20 

70 

63 

70 

30 

65 

58 


40 

59 

53 

■9 



Station . 
Squadron 
Dato 


Height 

above 

ground 

ft 

(hundreds) 


Dr\ Bull* 
F 


Wit Bulb 
F 


Peshawar 
20 (A C) 
24-3-32 


Hiinudit \ 
|)i*i tent 



5 (5t 5) 

r» (r> ») 

(.">2 r ») 


.■»(."» t r») 
(">:*) 
(s- “») 


95 (inn) 
07 (loot 
(loo) 
91 

87 

90 
KS 
S7 

91 

88 ( 100 ) 
80 (10(1) 
77 ( 100 ) 
03 ( 100 ) 

( 100 ) 


Time of taking nil .. 1020 hrs. 

Time nf maximum height . 1110 „ 

Tune of landing 1140 if 


Weal hei enndit ions and remarks. 


Overcast with A Cu , A St , St Cu , Cu Nb. 
and Nh in morning occasional showers 
,in<l sqiinlU winds — brightening a little 
at midday, but again overcast in after- 
noon with A St , Nt 4'u , Cu Nb and Nb 
- further show ers — c loud decreasing m 
evening — vanablo skv at night 

Pilot irjioited gieat ‘ huinpinoHS ’ at all 
hi lights Readings worn taken inside 
St Cu < loud, base 11,000 foot, thickness 
inoiethan 1,000 feet 

It was not i imsnloied advisable to ontor the 
toweling m.i'-si s of Cu and Cu Nb near 
the bills Moreover, loading** could not 
c cm\cnn ntl\ !>•* taken outside the St Cu, 
i loud Lapse- rate m cloud mainl> groator 

than hatuiateii adiabatic 


Tunc of taking oil . 1110 hrs. 

Time ef maximum he ight 1200 ff 
Tune of landing 1225 „ 


Weathei conditions and rcmaiks 


Sk\ modoiatcR covered with Ci overhead 
and a little <li tac bed Cu over hills at first 
- bet oiiiing lieavih covered towards midday 
with Ci Cu, A (’u, and (’ll - -overcast 
in afternoon with Ci (’u , V Cu , Cu Nb. f 
and (’u shearing gradually in evening — 
lightning in distance at night 

Pilot reported fc bumpiness * from ground to 

3.000 foot, and from 9,000 foot to top of 
A (’u cloud 

Readings were taken inside growing Cu. 
cloud base at 1,900 feet, thickness 800 
feet, and in growing A Cu , ‘ castollatus * 
cloud, base at 11,400 foot, thickness 2,500 
fee t 

Roth dr\ bulb and wet bulb won* higher in- 
side the* cumulus cloud The d r > bulb 
was lew ei inside than out ado the bottom 
part of the alto-c uinulus cloud but slightly 
higher inside at the* top The wet bulb 
was mamlv lnghoi inside than outside the 
alto-cumulus cloud The lapso-rato was 
suporadiahatic fiom the ground to 1,000 
foot and from 2,000 feet to 3,000 foot — 
below the* cumulus cloud, anil also from 

9.000 feet to 11,000 feet— bolow the alto- 
cumulus cloud The lapso-rato in tho cu- 
mulus cloud was loss than tho saturated 
adiabatic but greater m tho alto-cumulus 
cloud An invorsion was recorded at the 
top of tho alto-cumulus cloud. The wet 
bulb was 1° highor than tho dry bulb at 
13,800 foot m tho alto-cumulus oloud. 
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Table J — contd. 

Station . . ~ Peshawar Time of taking ot! KI50 hrs. 

Squadron .. 20(A(') Time of maximum height . 1130 „ 


Date .. .. 27-3-32 Time of landing . 115i> „ 


Height 

above 

ground. 

ft 

(hundreda) 

Dry Bulb 
°F. 

Wet 

Bulb 

F 

lfiinmlit\ 
pci tent 

\\ e atlie*i i onditioiis and icmarks 

0 

74 


62 


51 


Skyhoawlv ( o\orod with Ci and Ci St at (list, 

10 

70 


59 


51 


also d< tat hud Cu o\oi lulls -s (oaring a 

20 

65 


54 


51 


lit tin o\orhnad in forenoon, but Cu and 

30 

60 


50 


52 


(’u Nb developing enoi lulls -o\t*ie ast 

40 

55 


48 


63 


m .iflcinoon with (^i , Ci St , (’ii Nb , 

.50 

50 


44 


66 


and (’u -also St Cu foiining in e*\ oiling — 

60 

46 


42 


75 


( loud\ at night 

70 

43 


41 


87 


Pilot reported ‘bumpiness’ |iist below (loud 

78-5 

40 

(39 5) 

39 

(39 5) 

93 

(1(H)) 

Headings we*io taken inside growing (’u 

80 

39 

(39) 

38 

(39) 

93 

(100) 

\1> cloud. base* 7,850 foe»t thickness 2,250 

85 

37 

(36) 

36 

(36) 

96 

(100) 

feet 

90 

35 

(35) 

34 

(35) 

96 

(100) 

Tim di\ bulb was nit lie? tin same* uisidi* and 

IMS 

33 

(32 5) 

32 

(33) 

94 

(100) 

outside til* « loud or slight l\ lowe*i insido 

1(H) 

30 

(30) 

29 

(30) 

92 

(100) 

Tbei we*t bulb was lughni inside Thorn 

101 

31 

(30) 

29 

(30) 

83 

(100) 

was a high laps<*-rate fro n 1,000 foot to 

105 

29 


28 


91 


5,000 ft nt below the* e louel and a sup.»radia- 

110 

29 


26 


74 


liatu lapse-iate* insiele Stable la\ nr above) 

120 

25 


24 


86 


top of doud Wet bulb was 0 5 highci 

130 

21 


20 


81 


than the di\ bulb at 9,500 feet in tho 

140 

19 5 

18 


78 


e loud 

150 

16 


15 


79 




Station •• . . Koh.t. Tinu* uf taking nit 0935 his 


Squadron .. bO (B). Time of maximum height 1010 ,, 

Dato .. . 20-3-112 Time* of landing 1010 ,, 


Height 

above 

ground. 

(hundreds.) 

Dry Bulb 
°F. 

Wet Bulb 
°F. 

Hunudit\ 
pei cent 

WVathci i nnditmns and inmaiks 

0 

69 

63 

72 

Skv hoa\il\ eo\cind with Ci St , A St , Cu. 

10 

62 

58 

81 

Nb , and Cu e louel all elav 

20 

57 

55 

91 

Pilot reported ‘ bumpiness ’ from ground 

30 

54 

52 

90 

to 2,000 fn t anil ako inside* cloud 

40 

50 

49 

94 

Headings woie taken inside glowing (’ll. (louel 

50 

48 

47 

93 

tlin top of wliieh was Hat, base at 6,000 ft 

60 

45 (46) 

43 (46) 

87 (100) 

tliiekiie*ss 1,600 ft Base of A St cloud 

65 

44 (45) 

42 (45) 

87 (100) 

was not re»ae lied 

70 

42 (43) 

39 (43) 

80 (100) 

Thn dry bulb was higher? inside* than outside 

75 

41 (40) 

38 (40) 

80 (100) 

tile lower half of the edouel but lower liiHiele* 

76 

40 (39) 

38 (39) 

86 (100) 

thn uppe*i half Thn wot bulb was highoi 

78 

39 

37 

87 

insider Tho lapso-iato was superaeliabatio 

80 

38 

36 

86 

from tlu* giounel to 2,000 foot and also 

90 

34 

32 

86 

inside the cloud — especially at tho top. 

100 

32 

30 

84 


110 

29 

28 

91 


120 

27 

26 

88 


130 

25 

23 

78 


140 

22 

20 

74 


150 

18 

17 

81 
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Table I — contd. 


Station . 
Squadron 
Date 


Penh« wai Time of taking oil 0935 hrs. 

20 (A C ) Time of maximum l.**ight . 1050 , , 

1-5-32 Time of landing 1120 ,, 


Height 

above 

ground. 

ft 

(hundicds) 


Diy Bulb 

K 


Wet Bulb 
* F 



Hum clit v 
per cent. 


52 
02 
5 7 
03 
03 
r»H 
71 
SI 

( TO) 03 
(30 3) 03 

02 

(3S) 00 

(30) 05 

05 

(30) 05 

(35) 05 

(33 5) 04 

(32) 02 

(31) 01 
( 20 ) 00 
(27) SO 


Station 

Squadron 

Date 


Hi sal pui 

39(B) 

21-6-32 


Weathei conditions and remarks 


Sky heavily covered with (h St , A St also 
"detached Cu over bills at first — clearing 
<o lsidorahlv overhead in forenoon, but Cu 
am l (hi Nb dov eloping over hills — dvy 
heavily c ov erod m afternoon with A Cu, 
A St , (hi Nb and Cu — cloud decreasing 
in evening skv dear at night 
Pilot reported * bumpiness ' at all heights. 
espo< iallv between 2,000 foot and 4,000 
feet 

Heading*, ueio taken inside growing Cu and 
(hi \l> i loud — base of first laver (Cu ) 
at 8,100 feet, thickness 150 feet , b.lse of 
second laver (Cu ) at 0,000 feet, thickness 
300 feet , base of third laver (Cu Nb ) at 
0,800 fwt, thic knt ss 2.400 feet 
Dry bulb was mainly the* same inside* and out- 
side cumulus (loud, but slightlv lughei 
inside* comulo-nimbus cloud except at top 
where* it was a little higher outRidi* The 
wet hull) was higher lnsicle e loud Supera- 
diabatic lap'-e-rate* from ground to 1,000 
feet and from 2,000 feet to 4,000 feet - 
below cloud Lapso-iato in cloud mainly 
equal to saturatod adiabatic High lapse- 
rate from 1 3,000 feet to 15,000 feed - 
above cloud Wot bulb 1° higher than drv 
bulb at 9,000 feet in c loud 


Time of taking of! 0945 hrs. 

Time of maximum height 1025 ,, 

Time of landing 1045 M 


Height 

above 

ground. Di\ Bulb 
ft 

(hundreds) 


0 84 

10 80 

20 75 

30 73 

40 69 

50 05 

60 62 

70-5 56 (57 

75 55 (56 

80 53 (54 

83 53 (53 

85 52 

90 50 

1(f0 47 

110 42 

120 36 

130 . . (33 

140 32 

150 30 


Wet Bulb 



Humidit v Weather conditions and remarks, 

per cent 


62 Sky mainly overcast all dav with Cu , Cu Nb., 

61 A Cu. and A St cloud 

64 Pilot reported 1 bumpiness ' fiom l ,000 feet 

64 to 2,000 feet and just below elouel 

78 Headings were taken inside growing (hi 

86 cloud, ba*.o at 7,050 feet, thickness 1,250 

91 feet, and in A Cu cloud, base at 12,800 

94 (10(1) feet, thickness 7(H) feet No observa- 

94 (1(H)) tions were made outside A (hi cloud 

94 (100) Dry -bulb lug hoi inside cloud than outside 

94 (100) except at the top, where it was the same. 

91 Wet bulb higher inside High lapso-ralo 

96 from 1 ,000 foot to 2,000 feet and supera- 

91 diarhatic lapse-rate from 6,(XH) foot to baso 

eo of cloud Lapae-rato inside cloud mainly 

greater than saturatod adiabatic. 
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Table I —contd. 


Station 

lYsliaw ar 

Time of taking oil 

0910 hrs. 

Squadron 

. 20 (A C ) 

Time of maximum height 

09AO „ 

Date 

10-7-32 

Time of landing 

1015 „ 


Height 

above 

ground 

ft 

(hundreds ) 


l)rv Bulb 



f >S (68) 

66 («6 r ») 

fit (HI 5) 

61 (62 fi) 

r,« (.vi) 

55 (57) 

56 5 (5.*J 5) 

52 5 (51) 


Wet Bulb 
F 


75 

75 5 
71 5 
ns 

65 

66 ( 68 ) 

65 (66 5) 

65 (64 5) 

56 (62 5) 

56 (56) 

51 (57) 

52 (55 5) 

.51 (51) 

51 

46 
45 5 
*5 
11 
56 


Kuimdit\ Woftthci conditions and remark*, 

pei ( eiit 

66 Sky mainly overcast w r ith St (hi. at first, A St 

74 visible through hioaks — (.hi and Cii Nb 

76 foi ruing over lulls during morning — 

S6 c It «mng a little overhead towards midday, 

0‘2 but becoming overpast m afternoon 

62 (1 00) with (h St, A St, Cu Nb , and (hi — 

66 ( 100) c loud decreasing in ovoning — clear at night 

65 (IOO) Vi lot repoited 4 bumpiness ’ between 4,000 feet 
61 (100) and 5,000 feet 

S6 (100) Headings wore taken inside glowing Cu Nb. 

64- (100) cloud, base at 5,650 feet, thickness 5,650 

61 (100) feet A St cloud was not entered 

61 (100) l)i\ bulb was the same inside and outside at 

67 the base of the cloud, and lower inside at 

61 top, otherwise higher inside Wet bulb 

64 was higher inside except at top whore it 

65 was the same as outside Superadiabatic 

62 lapse-rate from 2,000 feet to 5,000 foot 

61 below cloud Yauabln lapse-rate inside 

cloud exceeding saturated adiabatic from 
6,000 feet to 7,000 feet and from 8.0(H) foot 
to top Low lapse -rate from 12,000 foot 
to 15,000 feet — above cloud Inversion at 
c loud base*— change of wind direction from 
N K to S S W 


Station IVshaw'ai 

Squadron . 20 (A C ) 

Date . 6 8 52 


Height 

above 

ground. 

ft. 

(hundreds) 

l)rv Bulb 
e F 

Wet Bulb 

F 

Ifuunditv 

[K*l C Cllt 

0 

80 

77 5 

86 


10 

79 

75 

85 


20 

78 

72 

77 


50 

74 

66 

SO 


40 

70 

66 5 

85 


50 

66 

65-5 

88 


58 

62 (65) 

60 (65) 

61 

(100) 

60 

60 (62) 

57 5 (01 5) 

87 

(98) 

70 

56 (58) 

55 5 (58) 

86 

(100) 

80 

55 5 (54) 

51 (54 5) 

86 

(100) 

90 

51 5 (51 5) 

46 5 (51) 

76 

(98) 

100 

48 (49) 

45 (48 5) 

74 

(98) 

105 

47 5 

43 5 

76 


110 

48 

44 5 

83 


120 

45 

38 5 

62 


130 

42 

32 

42 


140 

59 

i 

30 

43 



Time of taking oil 0645 hrs, 

Time of maximum lie iglit 0725 „ 
Time of landing 0800 ,, 


\\ cdthci conditions and remarks. 


Sk\ hoavilv eoveied with Cl St , Ci Cu , A St, 
A Cu and (hi at dawn — dealing consider- 
ably overhead in forenoon — but boconung 
oven ast at midday with A Cu , A St 
and musse-. of (hi and (hi Nb over hills — 
thundcrstoiin in afternoon — continuing 
overcast in evening w r ith A Cu , A St, 
St (hi , and (hi — variable skj at night 
Ihlot icpoited ‘ bumpiness * in cloud 
Headings weie taken inside giowmg Cu Nb. 
iloud, base at 5,800 feet, thicknoss 4,200 
feet 

Both drv bulb and wet bulb wore higher 
inside the cloud than outside Lapse-rate 
in cloud greater than saturated adiabatic 
from base to 8,000 feet Inversion above 
top of cloud Humidity less than 100 % 
at 6,000 feet, 9,000 foot and 10,000 feet. 
Wot bulb 0 5° higher than dry bulb at 
8,000 feet in cloud. 
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Table I-- contd. 


Station 

Squadron 

Date 


•• 

Peshawar 

20 (A C) 

28-12-32. 

Time of taking oil 1000 hw. 

Time of maximum height. . 1040 ,, 

Time of landing .. 1115 f# 

Height 
abo\ e 




1 

Weather condition* and remark* 

ground 

Dry Bulb 

Wot Bulb 

Humidity 

ft 

(hundreds) 

OJjl 

F. 

pi l < ent 


0 

52 

47 5 

72 

Nk\ lightly covered with dotaehod Cu (over 

10 

48 

41 

50 

hills) in early morning — becoming heavily 

20 

47 

58 

43 

i«i\ori'd with A Cu and Cu towards 

30 

45 

36 

51 

imdda\ — mainly o\ercast in afternoon 

to 

50 

32 

51 

with Ci St , A (!u f Cu Nb and Cu — 

50 

50 5 

30 

52 

light showers in mening— then clearing 

00 

52 

20 5 

53 

a little but hoaiily < louded again at night 

70 

20 5 

21 

72 

w lib fui tlier showers and »quall\ winds 

80 

21 (21) 

10 (21) 

71 (100) 

Pilot minuted * bumpiness ' fiom 0,000 feet 

85 

10 “> (10) 

18 (10) 

78 (100) 

to base of i loud 

00 

18 5 

10 

00 

Headings were taken inside growing (hi 

1 00 

15 

11 5 

10 

i loud, base at 8,000 feet, thickness 000 

110 

J2 

8 5 

45 

feet 

120 

8 5 

5 

38 

The diy bulb was the same inside at the base 

150 

7 

3 

28 

of tho iloud but slightly lower inside at 

140 

5 

—0 5 

20 

the top The wet bulb was higher inside. 

150 

—0-5 

o 

53 

Adiabatic lapse-rate fiom 0,000 foot to 
base of cloud Lapse-rate greater than 
sat uiated adiabatic inside cloud 

Station . . 


. 

Kohat 

Time of taking off .. 0905 hrs. 

Squadron 


• 

27 (B) 

Time of maximum height . . 0945 „ 

Date 


. , 

15-2-33. 

Time of landing . 1025 , 


Height 

abo\o 

mound 

ft 

(hundreds) 

Dr\ Bulb 
■ fc P 

Wet Bulb 
"F 

Humidity 
per cent 

Weather conditions and remarks 

0 

50 

44 

02 

Nkv hoawly lovored with A Cu and Cu. at 

10 

49 

43 

03 

fiist — cloud decreasing temporarily in 

20 

40 

40 

02 

foionoon but sky still partially co\ured 

30 

43 

30 

52 

with A Cu ami Ci (hi at midday — cloud 

40 

40 

33 5 

51 

decreasing lapiilly in afternoon— lightly 

50 

35 

30 

01 

clouded in evening with Ci Cu — cleai at 

59 

31 (32) 

27 (32) 

<14 (100) 

night 

00 

(*->) 

(32) 

(100) 

Pilot lepoited slight ‘ bumpiness * from 4,(HM) 

05 

29 (31) 

20 (31) 

72 (100) 

feet to ( loud base 

70 

28 (.’0) 

25 (30) 

71 (100) 

Headings weio taken inside melting Cu 

76 

20 (28) 

21 (28) 

78 (100) 

cloud (No obsei\ ations made outside 

80 

25 

24 

88 

(loud at 10,000 feet) Base of first layer 

90 

21 (20) 

19 (20) 

85 (100) 

at 5,900 feet, thickness 1,700 feet, base of 

1(H) 

(18) 

(18) 

(100) 

seiond lay ci at 9,000 foot, thickness 1,000 

110 

10 

14 

71 

feet 

120 

14 

11 

50 

The (It v bulb was higlior inside than outside 

130 

12 

8 5 

48 

the first layer of cloud but lower inside the 

140 

10 

7 

51 

second layer Tho wet bulb was higher 

150 

8 

5 

49 

inside the cloud — particularly in the first 





layer High lapse-rate from *4,000 foot to 





5,(MK) foot below cloud, superadiabatio 





lapse -rate inside cloud. Stable layer above 




1 

top of cloud. 
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Table I —contd. 


Station 

Squadron 

Pate 



Ilisnlpui 

39(B) 

13-5 33 

Time of taking olf . O7O5 hrs. 

Tune of maximum height . . 0740 , t 

Time of landing 0815 ,, 

Height 

above 





ground 

1 >i v Bull> 

Wet Bulb 

Huimdit\ 

Weather conditions and icmarks 

ft 

F 

F 

|m*i i ent 


(hundieds) 




0 

73 

05 

00 

Sk\ hoavilv eoveied with V C’u and St Cu in 

to 

09 

02 

09 

eailv morning •Moderately eoveiod with 

20 

00 

00 

7.5 

\ ('11 and ('ii in forenoon paitiallv 

30 

O'. 

57 5 

71 

(overed in afternoon and o\oning with \ 

(0 

00 

55 

70 

(’ii \aiiable sk\ (pacing \ (’u ) .it 

50 

T7 

72 

70 

night 

Ml 

51 

to 

7.5 

Pilot lopniOd flight ‘bumpiness’ fimn 

70 

50 

to 

77 

11.000 fwt to 13,000 loot 

NO 

0 

13 

N1 

lb adings won* taken inside melting St (’11 

80 

47 (43) 

42 (12) 

N.i (90) 

cloud base at 8,500 feet, thickness 200 feet 

90 

13 

39 

70 

A (hi (at 13,000 bet) not entered 

100 

40 

30 

77 

The di\ hulb wa-. lower insult* the (loud thin 

110 

30 

33 

79 

outside, but the wet bulb was the same 

120 

31 

27 

65 


130 

26 5 

23 

70 


140 

23 

20 

00 


150 

20 

18 

73 


Station . . 



Peshawar 

Time of taking off . 1035 hrs. 

Squadron 

Pate 



20 (A Cl) 

23-0-33 

Time of maximum height . 1110 „ 

Time of landing 1140 ,, 

Height 

abo\t 


l 



ground 

Piv Bulb 

Wet Hull) 

Humidity 

\\ eatlu 1 i onditions and lemniks 

ft 

F 

V 

jk*i « < nt 


( hundreds; 




0 

N2 

76 

77 

Ovuead in cvilv morning with A St , A Cu , 

10 

75 

70 5 

82 

S* (’u an l (’ll — occasional showers — 

20 

71 

67 

82 

brightening in forenoon with considerable 

30 

68 

64 

82 

(lei rea-io of 1 loud — sky partially covered 

40 

65 

61 

! 81 

with A (’11 and (’1 (hi in evomng— clear 

50 

62 

59 

86 

sk} at night 

55 

61 (60) 

57 (60) 

70 (1(H)) 

Readings were taken inside melting Cu. cloud. 

50 

60 

55 

70 

base at 5,200 fo'*t, thickness 100 feet 

70 

57 

51 

70 

The dry hull) was lower and the wot bulb 

80 

54 

49 

7.1 

higher inside the (‘loud than outside Supoi- 

90 

51 

47 

78 

adiabatic lapse-rate from ground to 1,000 

100 

48 

44 

7S 

feet 

110 

46 

43 

82 


120 

44 

36 

54 


130 

41 

32 

46 


140 

36 5 

30 

56 


150 

32 

28 

56 
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Table I — contd. 


Station 


Peshawar. Tune of taking off . . 0930 hrs. 


Squadron 


20 (A 0) Time of maximum height . . 1015 „ 


Date . 25-0-33 Time of landing . .. 1050 , 


Height 

above 

ground. 

ft 

(hundreds) 

Dry Bulb 
°F 

Wet Bulb 
*F 

ifuimdity 
per cent 

Weather conditions and remarks. 

0 

93 

79 

54 

Sky light lv covered with A Cu and Cu. at 

10 

88 

75 

57 

first — liecoming paitiallv covered with A. 

20 

83 

71 

58 

Cu , Cu Nb and Cu in forenoon — heavily 

30 

78 

69 

67 

co\oiod in afternoon and overcast in 

40 

73 

67 

75 

evening with Cu Nb and Cu — cloarmg 

50 

68 

6 4 

82 

o\ i*i head at night, lightning ovor hills. 

60 

64 

61 

St) 

Pilot rcqiortod 1 bumpiness ’ fiom ground to 

70 

60 

58 

•Hr 

1,0011 feet 

75 

59 (60) 

56 (60) 

85 (100) 

Readings were taken ui'ii li glowing Cu cloud, 

80 

58 (57) 

56 (56) 

88 (95) 

base* at 7,500 feet, thli kness 1,100 feet. 

85 

(56) 

(56) 

(100) 

Co Nb (base .if 6,2uO feet; n\er lulls not 

87 

57 5 

52 

76 

mimed A Cu above 15,000 fat 

90 

55 

48 

67 

Tile ill \ bulb w.is lugliei inside tile i loud at 

100 

51 

39 

11 

its base but lo\ve*i inside at the top The 

1 10 

47 

38 

51 

W» l bulb wan lilubei inside tile cloud at its 

120 

41 

56 

55 

lwis«* but the sarin* a«e outside at the top 

130 

41 

35 

63 

High lapse-iato fiom ground to 5,000 feet and 

140 

39 

34 

66 

sii[H*i adiabatic lapse - 1 ate inside cloud. 

150 

36 

33 

77 

The humidity m the cloud at 8,000 foot was 





less than 100% 


Station 

Squadron 

Date 


Risalpui 
• 11(B) 

. . 10-7-33. 


Time of taking off 
Time of maximum height 
Time of landing 


0706 his 
0745 „ 
0815 „ 


Hoight 

above 

ground Dry Bulb 
ft ’ °F 

(hundreds) 


Wot Bulb 
°F 


Humidity 

per cent 


Wo.it hor conditions and remarks. 


0 

81 

10 

82 

20 

78 

30 

73 

40 


45 


50 

66 


64 

H 

63 


02 


59 

KM 

57 

80 

56 

90 

53 

100 

50 

110 

47 

120 

45 

130 

43 

140 

42 

150 

40 


76 

75 


(60) 

(68) 

( 66 ) 

(64) 

(62) 


( 68 ) 

m 


73 

70 


65 

63 

62 

60 

58 

55 


54 

51 

47 

44 

4L 

39 

39 

37 


(60) 

( 68 ) 

(67) 

(61) 

(63) 

(60) 

(55) 


79 

74 

81 

88 


06 

96 

96 

9! 

O') 

St) 

89 

02 


86 

86 

76 

71 

80 

79 


( 100 ) 

( 100 ) 

( 100 ) 

( 100 ) 

( 100 ) 

(100) 

(lOO) 


Sky moderately covorod with Cu at dawn— 
bocoming paitially covered in forenoon 
and heavily covered after middav with 
(’u Nb — dust storm, m afternoon — sky 
i lcanng m e\enmg 

Readings wore taken in growing Cu Nb. 
cloud, base* at 4,000 feet. tlnoUnoss 3,700 
foot Observations were not taken at 
l.ooo foot and 4,500 foot outside cloud 
and wore missed at 6,500 feet inside 

The dr \ bulb was the same inside and outsido 
the bottom part of the cloud but lower 
inside* Ilian outside the top part The 
wot bulb was iiuunlv higher inside than 
i nit 'ii li" the cloud. The lapse -rate in the 
cloud was gieat or than the saturated 
aeliahatii < \« opt ne*ar the base At 5,000 
foot, b.ooo foot and 7,000 foot in the cloud 
the wot bulb w r as 1 0° higher than the 
dry bulb 


1146DGofOb 
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Table I — contd. 


Station . . 

Squadron 

Date 


ltisalpur. Time of taking off . . 0635 hn. 

1 1 (B) Time of maximum height. . 0720 ^ 

12-7-33. Time of landing .. 0755 M 


Height 

above 

ground 

(hundreds ) 

Dry Bulb 

*bj<i 

Wet Bulb 

C F 

Humidity 
pci t nt 

Weathei conditions ami remarks. 

0 

84 


80 


84 


Sky heavily covered with A Cu and Cu m 

10 

83 


77 


78 


early morning — becoming moderately 

20 

81 


75 


78 


covered in forenoon — clearing completely 

30 

78 


73 


81 


in afternoon 

40 

74 


69 


79 


Pilot reported slight 4 bumpiness ’ from 4,000 

50 

70 


66 


83 


feet to base of cloud 

55 

68 

(65) 

61 

(65) 

83 

(10O) 

Readings wore taken in Cu. cloud, which 

60 

66 

(63) 

63 

(61) 

86 

( 100) 

appeared to bo melting or in a 4 atoady * 

65 

64 

(61) 

61 

(••2) 

86 

(100) 

state, base at 5,500 feet, thickness 4,100 

70 

62 

(59) 

60 

(59) 

91 

(100) 

foot Observations wore not made inside 

75 

60 

(57) 

58 

(57) 

90 

(100) 

peak of ( loud. 

80 

58 

(55) 

56 

(55) 

89 

(100) 

The dr\ hull) was apprwiahly lowor inside the 

85 

56 

(53) 

54 

(5 1) 

92 

(lot)) 

t loud than outside The wot bulb was 

90 

54 

(52) 

52 

(52) 

92 

(100) 

mainly higlioi inside up to 6,500 feet but 

96 

52 


50 


92 


lowoi inside from 7,000 foot to 8,500 foot. 

100 

50 


49 


96 


The lapse-rate in the cloud was greater 

110 

48 


46 


91 


than the saturated adiabatic Stable layer 

120 

46 


43 


83 


ousted above top of cloud 

130 

43 


39 


71 



140 

41 


36 


67 



150 

40 


31 


62 




Station .. Risalpur Tune of taking off . 0716 hrs. 

Squadron 1 1 ( 13) Time of maximum height. . 0765 „ 

Date .. . 16-7-33 Time of landing .. 0826 


Height 

above 

ground 

ft. 

(hundre !•*) 



Humidity 
per cent 

Weather ( onditions and remarks. 

0 

79 

75 

S3 

Nk\ overcast with A St , A Cu , and St Cu. 

10 

76 

71 

91 

t loud in oail> morning — cloanng consider- 

20 

74 

71 

87 

ably in foienoon — heavily covered with 

30 

72 

68 

83 

Ci Cu at midday — modoratoly covered 

40 

68 

65 

87 

with Ci Cu in ovomng 

50 

65 

63 

91 

Pilot reported slight 1 bumpiness * below 

55 

64 (63) 

62 (62) 

91 (96) 

( loud 

60 

62 (62) 

60 (60) 

91 (91) 

Readings wore taken inside molting St Cu 

65 

61 

58 

90 

cloud, base at 5,100 foot, thickness 1,100 

70 

59 

56 

86 

foot and in A St cloud at 15,000 feet. 

80 

55 

52 

81 

The dry bulb was lowor inside than outside at 

90 

53 

50 

81 

the baso of cloud but the same at the top. 

100 

51 

47 

78 

The wot bulb was the same inside and out- 

110 

48 

44 

78 

side Tho lapse-rate in the cloud was loss 

120 

44 

41 

81 

than the saturated adiabatic. The humi- 

130 

41 

39 

87 

dity in tho cloud was less than 100%. 

140 

37 

36 

93 


150 

.. (33) 

. . (33) 

100 
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Table I — contd. 


Station . . 

Squadron 

Data 


. . Ris&lpur 
. . 38 (B). 

. . 18-7-33 


Tune of taking off . 1015 hrs. 

Time of maximum height . 1045 „ 

Time of landing .. 1110 „ 


Height 

above 

ground. 

ft 

(hundreds) 

■ 

Wet Bulb 
°F. 

Humidity 
per cent 

Weather conditions and remarks. 

0 

86 

79 

75 

Sky heavilv covered with A Cu and Cu. at 

10 

79 5 

75 

82 

hrst — ( loud doc roasmg in forenoon — parti- 

20 

74 

71 

87 

ulh covered with A Cu andCu at midday 

30 

72 

69 

87 

-dialing completely m afternoon 

40 

70 

67 

87 

Pilot it potted slight • bumpinoss ’ from 

50 

67 

65 

91 

gioiiud to 2,000 feet 

60 

65 

63 

91 

Reading-. w**ro taken in (hi cloud, which 

62 

«4 (S3) 

62 (63) 

91 (JOO) 

appcired t<» be melting or in a “steady** 

70 

82 (61) 

60 (62) 

90 (100) 

htatr, base at 6,200 feet, thickness 1,100 

73 

60 (59) 

58 (59) 

92 (I0U) 

flM*t 

75 

60 

58 

92 

The tli \ bulb \\a-* lowei inside the cloud than 

80 

58 

56 

91 

outside 1 , but the wet bulb was higher inside. 

90 

55 

53 

90 

Nupui adiabatic lapse-rate from ground 

100 

51 5 

49 

88 

to 2,000 feet Lapse rate in cloud greater 

no 

48 

45 

81 

than satuaiatcd adiabatic The wet bulb 


45 

43 

88 

at 7,000 feet in the cloud w r as 1*0° higher 

SSSIlM 

41 

39 

87 

than the dry bulb 

■ 

38 

33 

68 


150 

38 

1 

28 

47 



Station 

Squadron 

Date 


Height 

above 

ground 

ft 

(hundreds) 


0 

10 

20 

30 

40 

50 

60 

70 

71 
80 
80 

100 

110 

120 

130 

140 

150 


Risalpur Timo of taking off 0635 hrs 

39(B) Time of maximum height . 0705 „ 

21-7-33 Time of landing .. 0730 „ 


Dry Bulb 
°F 

Wet Bulb 
°F. 

Humidity 
j)or tent. 

78 

74 

83 

76 

73 

87 

71 

72 

91 

72 

69 

87 

69 

65 

82 

66 

62 

81 

63 

59 

81 

60 

56 

80 

60 (59) 

56 (57) 

80 (89) 

57 

52 

76 

54 

49 

76 

51 

45 

69 

48 

42 

68 

45 

39 

65 

42 

37 

70 

38*5 

34-5 

74 

35 

32 

79 


\\ oathor conditions and remarks. 


Sky partially coveied with Cu (mostly over 
lulls) at dawn -< loud decreasing in fore- 
noon -dear after midday 
Reading-, wen* taken inside molting Cu cloud, 
bast* at 7,000 foot, thickness 200 feet 
The di\ bulb was lower inside than outside 
the (loud, but the w r et bulb was higher 
inside Humidity in cloud loss than 100%. 
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Table I — contd. 


Station 

Squadron 

Date 


. . Peshawar 
. . 20 (A C). 

. 27-7-33 


Timo of taking oft . . 0915 hra. 

Timo of maximum height . . 0955 „ 

Timo of landing . 1025 „ 


Height 

above 

ground 

ft. 

(hundreds) 

Dry Bulb 

Wot Bulb 
°P 

Humidity 
poi cent 

Weather conditions and remarks. 

O 

N5 

78 

71 

Ovoicast at first with St Cu and Cu — 

10 

SO 

75 

82 

< tearing considerably in forenoon — heavily 

20 

75 5 

72 

79 

clouded again in afternoon and evening 

30 

71 

09 

92 

with V St A (hi, and Cu — mainly o\ or- 

40 

OS 

05 

87 

cast at night 

45 

OS (00) 

00 (00) 

92 (100) 

Pilot mpoitod slight ‘ bumpiness * in cloud 

50 

05 (05) 

01 (05) 

90 (LOO) 

Reading worn taken inside Cu cloud, which 

55 

01 (04) 

02 (01) 

i 92 (100) 

a ] >1 hu rod to bo melting or in a “ steady *’ 


03 

00 

SO 

state, base at 1,500 feet, thn knoss 1,100 

■ -y— 

01 

55 

72 

feet 

mmm 

58 

49 

50 

The di\ bulb w r as the same inside ami outside 

HH 

55 

13 

44 

tile (loud except at the base whom it was 

100 

52 

44 

01 

low ei inside The wet bulb was the same 

110 

19 

11 

75 

inside and outside the base of the cloud but 

120 

45 

39 

00 

higher inside at the top There was a high 

130 

42 

34 

53 

lapse-rate from the ground to 1,000 foot 

140 

39 

29 

39 

The lapse-rate in the cloud wras loss than 

150 

30 

28 

17 

the saturated adiabatic 


Station . . 

Kohat 

Tune of taking off 

0925 hm 

Squadron 

fiO(B) 

Tune of maximum hoight 

1005 „ 

Date 

2-S-33 

Time of landing 

1040 „ 


Height 

above 

ground 

ft. 

(hundreds) 

Drv Bulb 

‘Ojjl 

Wot Bulb 
°F. 

Hunnditj 
I»er cent 

Woatlmr conditions and romarks 

0 

85 

77 

71 

Kk\ moderately co\oied with A Cu and Cu 

10 

79 

71 

SO 

at first — becoming partially covered to- 

20 

74 

71 

87 

wards midda\ and hoa\il\ covered m after- 

30 

«» 

68 

90 

noon and e\c*ning with A. Cu , A St , Cu 

32 

68 (69) 

07 (09) 

97 (LOO) 

M> , and Cu 

40 

66 (07) 

65 (67) 

95 (100) 

Pilot reported 1 bumpiness ’ from ground to 

50 

63 (64) 

61 (64) 

90 (100) 

base of ( loud 

50 

61 

57 

80 

Readings worn taken inside growing oumulus 

70 

58 

53 

76 

i loud, base at 3,200 foot, tlm knoss 1,850 

80 

56 

4H 

59 

feet 

90 

53 

46 

05 

Both dr\ bulb and wet bulb wore higher inside 

100 

49 

44 

73 

the cloud than outHide Suporadiahatic 

110 

45 

41 

70 

lapse-rate from ground to 1,000 foot. 

120 

41 

37 

75 

Lapse-rate in cloud approximated equal to 

130 

39 

34 

68 

t he saturated adiabatic 

140 

37 

3] 

59 


150 

35 

29 

58 
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Table I — contd. 


Station 

Kohat 

Time of taking off 

. 0920 hrs. 

Squadron 

60 (B) 

Time of maximum height 

. 1005 „ 

Date 

4-8-33. 

Time of landing 

. 1045 „ 


Height 

above 




ground 

Dry Bulb 

Wet Bulb 

Humidity 

ft 

°F 

°F 

per cent 

(hundreds) 



O 

84 

71 

54 

10 

79 

68 

58 

20 

75 

60 

01 

30 

72 

64 

68 

10 

69 

62 

71 

50 

66 

61 

77 

60 

62 

38 

so 

67 

60 (61) 

57 (60) 

85 (95) 

70 

58 (39) 

55 5 (59) 

87 (IOO) 

75 

50 (57) 

53 (57) 

81 (100) 

80 

55 

51 

79 

90 

52 

46 

70 

100 

48 

42 

68 

110 

45 

39 

65 

120 

41 

35 

63 

130 

38 

32 

62 

140 

34 

30 

71 

150 

30 

28 

83 


Weather conditions and remarks. 


Sky moderately covered with A. Cu. and Cu. 
m early morning — becoming heavily cover- 
ed with A (hi and Cu towards midday — 
cloud de« reasing in afternoon — lightly 
doudod in evening with A Cu — clear at 
night 

Readings were taken inside growing Cu. 
cloud, basii at 6,700 feet, thickness 800 
foot 

Both dr\ bulb and wet bulb wore higher 
insid- the cloud than outside High lapse- 
rate from ground to 1,000 ft Lapse- 
rate in i loud greater than the saturated 
adiabatic Humidity at base of cloud was 
loss than 100 % 


Station 

Squadron 

Date 


Kohat Time of taking off 

27 ( B) Time of maximum height 

12-8-33 Time of landing 


0850 hrs. 
0930 „ 
1005 „ 


Height 

above 

ground 

ft 

(hundreds) 

Dry Bulb 
' V 

WVt Bull* 

°K 

Humidity 
pci cent 

0 

83 

78 

75 

10 

80 

75 

80 

20 

77 

74 

80 

25 

76 (75) 

73 (75) 

88 (10M) 

30 

74 (74) 

71 (74) 

88 ( 100) 

35 

73 

70 

88 

40 

71 

08 

80 

50 

67 

01 

87 

00 

02 

58 

80 

70 

59 

55 

80 

80 

56 

51 

70 

90 

>3 

47 

70 

100 

50 

44 

09 

110 

47 

41 

08 

120 

43-5 

38*5 

70 

130 

41 

38 

81 

140 

39 

36 

81 

150 

36 

33 

79 


Weather conditions and remarks. 


Sky heavily covered with detached Cu. at 
dawn — cloud decreasing in forenoon — 
partially covered with A Cu and Cu. in 
afternoon — clearing gradually in evening. 

Readings were taken inside Cu cloud, which 
appnarod to bo molting or in a “ steady '* 
state, base at 2,500 feet, thickness 600 
feet 

The dry bulb was lower inside than outside at 
the base of the cloud, but the same at the 
top. The wot bulb was higher inside than 
outside High lapse-rate from ground 
to ] ,000 feet Lapse-rate in cloud was less 
than the saturated adiabatic 
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Station 

Squadron 

Date 


Risalpur Timo of taking off . 0910 hri. 

39 (B) Tune of maximum height . 0940 lf 

27-8-33 Time of landing 1005 „ 


Height 

above 

ground. Dry Bulb Wet Bulb 
ft. °F °F 

(hundreds) 


Humidity 
per cent 


Weather conditions and remarks. 


20 70 

25 69 

28 68 
30 68 
40 67 

50 65 

60 63 

70 62 

80 57 

90 51 

100 45 .1 

110 41 

120 38 

130 (35) 

140 (33) 

150 (32) 



Station 

Squadron 

Date 


Height 

above 

ground Dry Bulb 


ft 

(hundreds) 



Kohat 
60 (B) 
30-8 33 


Wet Bulb 
°F 

Humidity 
per cent 

77 

83 

70 

76 

67 

71 

65 

82 

63 

86 

62 (64) 

86 (95) 

62 (63) 

91 (100) 

61 (63) 

87 (100) 

55 

71 

50 

65 

45 

58 

42 

63 

39 5 

65 

38 

75 

3 r > 

75 

33 

79 

31 

82 

29 

83 


Sky heavily covered with A St , A. Cu., and 
St Cu at first (rain obsorvod in vicinity) — 
clouds decreasing in forenoon — sky partially 
covered with A St A Cu f and Fr Cu at 
midday — moderately covered with Ci Cu 
and A. Cu m afternoon and evening — 
clear at night 

Pilot reported slight 1 bumpinoss * near 
ground and from 7,000 foot to 10,000 
feet 

Headings were taken inside molting St Cu 
cloud, baso at 2,000 feet, thickness 800 
feet Observations wore also made inside 
but not outside A St cloud, base at 12,900 
feet, thickness over 2,000 feet 

The drj bulb was lower insido the strato- 
cumuluH cloud than outside The wet bulb 
inside was lower at tho base but the same 
as outsido at the top There was a high 
lapso-rato from the ground to 1,000 foot 
but a low lapse -rate inside both the Btrato- 
cumulus and alto-stratus cloud. The 
humidity inside tho cloud at 2,800 feet was 
less than 100% 


Time of taking off 0940 hrs 

Time of maximum height 1020 ,, 

Time of landing 1055 „ 


Weather conditions and remarks. 


Sky partially < ovored with Cu in early morn- 
ing — cloud decreasing in forenoon — sky 
modorately covered with Cu at nudday — 
partially covorod with Cu. in afternoon — 
clearing in ovoning 

Pilot reported slight ‘ bumpiness ’ from 
ground to 1,000 foot 

Readings were taken in melting cumulus 
cloud, base at 4,500 feet, thickness 600 
feot. 

The dry bulb was the Bame inside and outside 


mhCOU» WjTFlJ l»i.i 


the top The wet bulb was higher inside. 
The lapse-rate was high from ground to 
1,000 feet, but loss than the saturated 
adiabatic inside tho cloud. The humidity 
was less than 100% at the base of the eloud. 
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Table I — contd. 


Station . . 

Squadron 

Date 


Kohat. Tune of taking off 

60 (B) Time of maximum height 

31-8-33. Time of landing 


0945 hrs 
1030 „ 
1115 „ 


Height 

above 

ground 

ft. 

(hundreds) 

Dry Bulb 
°F 

Wet Bulb 
°F 

Humidity 
per cent 

Weather conditions and lemaiks 





Sky moderately covered with Cu in early 

0 

79 

76 

87 

morning, cloaiing almost completely in 

10 

74 

70 

84 ! 

foionoon, but partiallv covered with Ci 

20 

70 

66 5 

85 

Cu ami A Cu in afternoon — clearing in 

30 

67 

64 

86 

evening 

38 

65 (65) 

62 (65) 

87 (100) 

Headings were taken inside melting cumulus 

40 

61 (63) 

62 (64) 

92 (100) 

cloud, base at 3,800 fis»t, thu knoss 500 foot 

43 

63 (62) 

61 (63) 

92 (100) 

The dry bulb was lower inside than out- 

50 

61 

59 

90 

side the cloud except at the base wdiore it 

60 

58 

55 

84 

was the same The wot bulb was higher 

70 

55 

46 

54 

inside Tho lapse-rate was high from 

80 

52 

42 

47 

ground to 1,000 foot and greater than the 

90 

50 

39 

44 

saturated adiabatic inside tho cloud 

100 

48 

36 

37 

The wet bulb at 4,000 feet in tho cloud was 

110 

44 

31 

26 

1 0° higher than tho dry bulb 

120 

41 

31 

41 


130 

37 

29 

48 


140 

32 5 

27 

59 


150 

29 

26 

73 



Station . . 

Kohat 

Time of taking off 

0730 hrs 

Squadron 

27 (B). 

Time of maximum height 

0815 „ 

Date 

9-9-33 

Time of landing 

0850 „ 


Height 

above 

ground 

ft 

(hundreds). 

Dry Bulb 
°F 

Wet Bulb 
°F. 

Humidity 
per cent 

Weather conditions and icmarks 

0 

74 

70 

82 

Sky lightly covered with Cu cloud at first — 

10 

72 

65 

71 

becoming partially covered with Cu , A Cu , 

20 

69 

62 

70 

and C tow aids midday — cloud docroas- 

30 

64 

58 

72 

ing in afternoon — sky lightly covered in 

40 

59 

54 

75 

evening with Ci Cu and A Cu 

50 

56 

52 

77 

Pilot reported slight * bumpiness * fiom 

60 

53 

49 

77 

6,000 foot to 7,000 foot 

70 

48 

45 

82 

Koadings were taken inside growing cumulus 

71 

48 (48) 

45 (48) 

82 (100) 

cloud, baso at 7,100 font, thickness 500 

75 

46 (45) 

42 (41 5) 

75 (97) 

foot Tho dry bulb was tho same insido 

80 

45 

39 

63 

and outside tho base of the cloud but 

90 

43 

36 

58 

lower inside at the top The wot bulb 

100 

41 

34 

57 

was higher inside High lapse-rate from 

110 

38 

32 

59 

2,000 to 4,000 foot and from 6,000 foot to 

120 

35 

29 

58 

base of cloud Lapse -rate m cloud greater 

130 

32 

27 

62 

than saturated adiabatic. Stable layer 

140 

29 

25 

66 

existed above top of cloud Humidity m 

150 

26 

24 

79 

cloud loss than 100 per cent, at 6,500 feet. 
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Table I — contd. 


Station . . 

Squadron 

Date 


. Kohat 

27 (B) 

10-9-33 

Time of taking off 0930 hrs. 

Time of maximum hoight . 1015 „ 

Time of landing 1 050 „ 

Height 

above 





ground 

Dry Bulb 

Wet Bulb 

Humidity 

Weathei conditions and remarks 

ft 

°F. 

fc F 

per cent 


(hundreds) 




0 

82 

72 

62 

Skj heavily covered with V. Cu and Cu in 

10 

78 

65 

50 

early morning — cloud decreasing in fore- 

20 

75 

62 

40 

noon — sk> lightly covered with A (Ju 

30 

72 

62 

50 

at midday, clearing m afternoon — clear 

40 

67 

50 

67 

rest of dav 

50 

62 

56 

71 

Headings wore taken inside molting (Ju 

60 

50 

55 

Nil 

cloud, base at 8,8 >.) feet, thickness 6)0 

70 

56 

53 

84 

feet 

80 

51 

40 

87 

l)i\ hull) was lower inside than outside the 

88 

48 (47) 

46 (17) 

01 (loo) 

cloud 'File wot hulh was the sum* inside 

00 

48 (40) 

46 (46) 

01 (100) 

ami outside except at base of c loud where 

04 

47 (4S) 

15 (15) 

oi (Ion) 

it w.is highoi inside High lapse-rate from 

100 

46 

41 

88 

3.000 feet to 5,000 feet Lapse- rate in 

110 

44 

41 

81 

cloud inamlv gieatei than the! saturated 

120 

41 

37 

i » 

adiabatic Stable laser at top of < loud. 

130 

37 

33 

73 

140 

32 

30 

84 


ISO 

27 

26 

88 


Station 


I’cshaw ar 

Tune of taking off lOlt) hrs 

Squadron 


20 (A C) 

'1 line of maximum height 1045 „ 

Date 


17-0-33 

f l line of landing l]]o |f 

Height 

above 





ground 

Dry Bulb 

Wet Bulb 

Humidity 

W cat her c onditions and remarks 

ft 

°F 

°F 

per t ( nt 

(hundreds) 





0 

85 

76 

66 

Skj partially covered with Cu and A Cu in 

10 

76 

68 

68 

“arl\ morning -V Cu dealing a little in 
forenoon hut t’u and (hi Nh developing 

20 

76 

68 

68 

30 

72 

65 

71 

over lulls -sky heavily covered in after- 

40 

68 

61 

68 

noon and mainly oven ast m evening 

50 

66 

60 

73 

with (h St , (hi \b , and Cu —dust-storm 

60 

62 

56 

72 

and squally winds followed bv thundor- 

70 

56 

51 

74 

sIoiim — fuithei thunderstorms at night 

80 

55 

51 

78 

Flint reported considerable ‘ bumpiness * 

88 

51 (51) 

48 (50) 

86 (06) 

from ground to 1.000 foot 

00 

50 (50) 

48 (40) 

01 (06) 

Headings were taken in growing Cu cloud. 

05 

48 (48) 

46 (48) 

01 (100) 

base at 8,800 feet, thickness 900 feet 

07 

47 (47) 

45 (46) 

01 (07) 

The* di\ bulb was the same inside and out- 

100 

47 

44 

85 

side the c loud but the wot bulb was highor 

110 

45 

36 5 

52 

inside Suporadiahatic lapse-rate from 

120 

42 

34 

52 

ground to 1,000 feet and from 6,000 foot 

130 

38 

32 

60 

to 7,000 foot Lapso-rato in cloud greater 

140 

34 5 

31 

74 

than the saturated adiabatic Stable 

150 

31 

30 

00 

layer at top of cloud Humidity w r as loss 
than 100 por cont m tho cloud except at 
9,000 foot. 







SOME OBSERVATIONS ON THE THERMAL STRUCTURE OF CUMUL1FORM CLOUD. ‘11 1 

Table I — condd. 


Station 

. Kisalpur 

Tune of taking oil 

0730 hre. 

Squadron 

11 (U) 

lime of maximum height 

0305 „ 

Late 

23-9-33 

Tip e of landing 

0835 ft 


Height 





above 





ground 

Drj Bulb 

Wet Bulb 

Humidity 

Weather conditions and remarks. 

ft 

F 

F 

pel cent 


(hundicds) 





0 

80 

71 

07 

Skv « leai at dawn — becoming mo loratoly 

10 

78 

00 

04 

i oven*d wdh (’u in forenoon —cloud 

20 

70 

07 

01 

doc rousing in afternoon — clear in ovonmg 

30 

74 

05 

05 

and .it night 

10 

71 

03 

08 

Headings worn tann.r nisi do growing Ou. 

50 

00 

00 

73 

« loucl, base at 7,u Id feet, thickness ODD fcot 

00 

62 

78 

8o ' 

The drv hull) was lower inside the cloud than 

70 

58 (77) 

54 ( 70) 

80 (05) 

outside but the wet biili> w.v* higher in- 

75 

57 (51) 

51 (74) 

78 (Id » ) 

side High laps*. rate from Loon feet to 

70 

53 (71) 

40 (51) 

78 (lull) 

7, onu toot, lmlow cloud Lapse rate inside 

80 

53 

40 

78 

dull greater than saturate! adiabatic 

00 

50 

40 

78 

Hunidit} loss than 100 por cont at base 

100 

47 

39 

57 

of cloud 

no 

43 

35 

54 


120 

38 

31 

53 

~ 

130 

34 

20 

04 


140 

20 

25 

0> 


150 

20 

23 

7(1 



Station 
Squadron 
1 >dte 


Hisalpm '1 in i of 1 1 k uiir oiT 

39 (B) 'l inn* of uni \iiiiiuti height 

20 0 33 'I mu of landing 


0h50 hr- 

0730 „ 

0805 „ 


Hi ight 
aho\ c* 
giotind 
ft 

(hundreds) 

Div Bulb 

I< 

Wet Bulb 

J F 

lluiinditv 
per c ent 

Wt itliei c oiiditions and mnarks 

O 

77 

72 

70 

Sk\ lightly « even'd with Cu in early morning 

10 

78 

60 

61 

— c loucl dec rousing in forenoon — clear after 

20 

77 

00 

60 

iniddav 

30 

74 

67 

71 

Headings weie taken inside melting Cu cloud, 

to 

70 

61 

77 

base at 8,100 foot, thickness 200 feet 

50 

67 

62 

78 

Til** drv hulh was lower but the wet bulb 

60 

62 

58 

80 

luglicu inside than outside the cloud 

7o 

56 5 

54 5 

80 

Sufieradiabatii* lapse rate fiom 5,01 k 1 

80 

52 

51 

05 

feet to 7,000 feet — below cloud. 

82-5 

51 (50) 

40 (50) 

88 (inn) 


90 

48 

44 

76 


100 

45 

40 

71 


110 

42 

36 

63 


120 

40 

34 

04 


130 

36-5 1 

30 5 

50 


140 

32 

27 

61 


15^ 

i 

28 

24 

6-4 
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Number 02. 


THE DISTRIBUTION OF TEMPERATURE IN THE UPPER LEVELS OF A 
DEPRESSION ORIGINATING IN THE BAY OF BENGAL DURING THE 
INDIAN SOUTHWEST MONSOON 

BY 

N K Sr u 

(RkuiuJ I'M Scj/l* ihbt i 10X4 ) 

1 1'titut - I >m inn Hit* jii nod of m ti\ ltv oi Hit* south wont monsoon Homo ilt pressiona originate 
,n tin* l».n ot IUmil'hI pm *i|c»d bv a wcll-inui kc< I l«ill of pusxme in Burma Those »j:i ncralh 
moM* in .1 noil I iwchIi i l\ dm < lion tlnonuh tin* i enlial paitx of India and icai h the nciuhbourbnotl 
of Knjput.ma NmuuIiiiu balloon av « nts at Alim, whii one sin h tlepiesmon was passing thiouirh 
Rajputana. show that tin nppei lr\Hx ot an in iN onln n liiops \wip < liaiat ti nsed b k \ tempeia- 
tuies lowci than tlie nniin.d \alues loi the i oiK^pnndniLi heights in tin* monsoon season The* 
k*\el <»f tiopop.mse above tin depit x-aim wax .also fouinl to he loweied 

In p previous pupri 1 , it Ilj is been shown tli.it au-niussos which take pnit in a 
storm oi (lepiession ongm«itmg in tin* ninth Bay of Bengal during the period of 
actiuty of tin* southwest monsoon are made of the southwesterly winds from the 
Aiabian Sea, triueising tin* central and southern paits of India, and the easterly 
winds delleoted from the lulls of tin* Chittagong Arakan coast, and sweeping over the 
Gangetic valley The dry norths esterlv continental air, which is generally confined 
to northwest India, m the neighbourhood of the Punjab and north Rajputana, affects 
the depressions only when they roach Rajputana after coursing through Orissa, the 
Central Provinces and Central India. Some physical characteristics of such depres- 
sions, as far as could be inferred from the available data, have been discussed 
before 2 . 

A few storms or depressions whioh form at the head of the Bay of Bengal near 
the Orissa or Burma coasts are preceded by a well-marked decrease of pressure over 
the mainland of Burma and the adjacent seas. Good examples of a senes of such 
depressions may be seen on reference to the Indian Daily Weather Reports of August 

l N. K. Sur — On the Physical Characteristics of Fronts during the Indian Southwest Monsoon 
Memoirs of the Ind. Met. Dept., Vol. 26, Part III, pp. 37 — 60» 1933. 

*N. K. Sur — Loc. Ctt. 
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Table I. 


gkm. 

26-8-29 

Temp. 

(°A) 

27-8-29 
Temp 
(°A ) 

Normal 
Temp 
for Aug 
(°A ) 

26-8-29 
Pressure 
(mb ) 

27-8-29 
Pressure 
(mb ) 

Normal 
Pressure 
for Aug 
(mb.) 

No. of ob- 
servations 
for 

normals. 

0 17 
(Surface) 

299 5 

300 0 

303 

080 

984 

081 

33 

1 

291 3 

202 4 

207 

888 

893 

801 

32 

o 

287 6 

288 2 

291 

788 

792 

702 

32 

3 

281 2 

285-2 

286 

698 

702 

702 

32 

4 

280 0 

280 1 

281 

616 

620 

822 

31 

r> 

275 6 

271 l 

276 

545 

547 

540 

30 

0 

270 4 

268 8 

272 

480 

481 

483 

30 

7 

261 8 

264 2 

260 

420 

422 

424 

29 

8 

238 5 

237 1 

260 

368 

360 

372 

27 

9 

250 6 

240 6 

252 

321 

322 

325 

26 

Id 

211 5 

241 4 

246 

279 

270 

282 

25 

11 

233 3 

233 1 

237 

241 

211 

244 

22 

12 

224 2 

226 8 

220 

207 

207 

211 

21 

13 

214 7 

218 3 

220 

177 

177 

180 

20 

14 

2o2 2 

211 0 

211 

110 

151 

153 

20 

ir> 

193 4 

203 1 

202 

126 

127 

129 

18 

16 

107 3 

103 7 

105 

1 05 

107 

108 

16 

17 

206 3 

103 0 

103 

88 

80 

90 

14 

18 

210 2 

100 5 

107 

75 

73 

76 

13 


On UUtli Yugu*t L9U9, temperatures up to 3 gkm w<*iv distinctly below normal. 
Between 4- 9 gkm though tin 1 temperatures wore bc»low normal, the difference 
was only of the order of l' A or less, except at 6 gkm where it was slightly more. 
The presence of high and middle clouds 6 might have countei balanced the fall of tem- 
perature winch niav have beenothei wise more marked at these le\els For 10 — 15 
gkm levels the difference increased, the temperature being marked lv below normal, 
whereas for 16-18 gkm levels the temperatures were higher than the noimal. 

Next day when the intensity of the depression diminished, the values of temper- 
atures from ground to 15 gkm. increased as compared with the previous day, 
except between 5 — 9 gkm where a further slight decrease is noticeable. This de- 
crease m temperature on 27th August 1929 may correspond to the decrease m amount 
of middle and high clouds as compared to that on 26th August 1929. 

®Theso could not be directly observed on 26th August 1929 duo to tho sky being practically over- 
cast with low olouds throughout tho whole day, but on 27th August 1929 middle clouds could bo observed 
before tho time when the meteorograph was lot off. Tho sky was almost clear by 22 hrs. I. S. T. but 
low clouds appeared agam afterwards. 
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Table I. 


gkm. 

26-8-20 

Temp. 

(°A.) 

27-8-29 
Temp 
(°A ) 

Normal 
Temp 
for Aug 
(°A ) 

26-8-29 
Procure 
(mb ) 

27-8-29 

Pressure 

(mb.) 

Normal 
Pressure 
for Aug. 
(mb.) 

No. of ob- 
servations 
for 

normals. 

0-17 

(Surface) 

299-5 

300 0 

303 

080 

084 

081 

33 

1 

291 » 

292 4 

297 

888 

803 

HOI 

32 

2 

287 6 

288 2 

201 

788 

792 

702 

32 

3 

284 2 

285 2 

286 

608 

702 

702 

32 

4 

280 O 

280 1 

i 

281 

616 

620 

622 

31 

r» 

275 6 

274 1 

276 

545 

/»47 

540 

30 

6 

270-4 

268 8 

272 

480 

481 

483 

30 

7 

261 8 

264 2 

266 

420 

422 

424 

29 

8 

258 5 

257 4 

260 

368 

360 

372 

27 

9 

250 6 

240 6 

252 

321 

322 

325 

26 

in 

241 5 

241 4 

246 

270 

270 

282 

25 

11 

233 3 

233 1 

237 

241 

241 

244 

22 

12 

224 2 

226 8 

220 

207 

207 

211 

21 

13 

214 7 

218 3 

220 

177 

177 

180 

20 

14 

202 2 

211 0 

211 

140 

151 

153 

20 

1 r> 

103 4 

203 1 

202 

126 

127 

129 

18 

10 

107 3 

103 7 

105 

105 

107 

108 

16 

17 

206 3 

103 0 

103 

88 

89 

90 

14 

18 

2lo 2 

100 5 

107 

75 

75 

76 

13 


On 26th August 1929, temperatures up to 3 gkm wen* distinctly below normal. 
Between *1 — 0 gkm though the temperatures were below nomad, the difference 
was only of the order of 1"A or less, except at 0 gknr where it was slightly more. 
The presence of high and middle clouds 6 might, have counterbalanced the fall of tem- 
perature which liuv have been otherwise moie marked at these levels For 10 15 

gkm levels the dilteienco increased, the temperature being markedly below' normal, 
whereas for Hi- 18 gkm levels the temperatures were higher tlian the normal. 

Next daj when the intensity of the depression diminished, the values of temper- 
atures from ground to 15 gkm. increased as compared with the previous day, 
except between 5 — 9 gkm where a further slight decrease is noticeable. This de- 
crease m temperature on 2itli August 1021) may correspond to the decrease in amount 
of middle and high clouds as compared to that on 26th August 1929. 

«Theso could not be directly observed on 26th August 1029 due to tho sky being practically over- 
cast with low olouds throughout tho whole day, but on 27th August 1929 middle olouds could be observed 
before the time when the meteorograph was let off. The sky was almost dear by 22 hrs. I. S. T. but 
low olouds appeared again afterwards. 
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In the height-temperature diagram corresponding to the sounding on 26th 
August, the most striking part is the isothermal region between the levels of 15210 
and 15710 geodynamic metres, the temperature being 191°- 7A and 192°A respectively 
at these heights. The undisturbed types of transition from troposphere to strato- 
sphere in the monsoon season is Rhown in the inset (vide height-temperature diagram 
for 4th August 1930 Portions of traces of ascent and descent curves for 26th and 
27th August are also shown on an enlarged scale). The increase of temperature 
above the normal values between 16 — 18 gkm. on 26th August is also significant, 
though on 27th August it decreased to a marked degree, being only slightly higher 
than the normal at 17 and 18 gkm 

The distinctly lower level 7 of the tropopause on 26th August 1929 is also re- 
markable, though the level is higher up the next day due to the lesser intensity of the 
depression. 

The lowering of and the characteristic isothermal region at the tropopause on 
26th August 1929 may have been caused by the suckmg down of the lower strato- 
sphere, and the divergence of air usually pictured to take place m the higher levels of 
a cyclone near the tropopause 8 . For according to tin* equation 9 


dT' = QY idT Ag\ 4 
dz Qj) \ dz ' c p } a 
-.dT‘ , 


4 9 

'p 


the final temperature-gradient— along the vertical may decrease in the 

dz 


upper du urging region of a cyclone below the tropopause, where Qf Q 


and p <]> and result m 
V 

outweiglis that of— — < I 


an isothermal region provided the effect of > | 

V 

For the legion m the neighbourhood of tin* tropo- 


pauso, where the lowei stratospheie is sucked downwards, p'>p, and if there is 
also divergence* of air of tin* lower stratosphere after being drawn downwaids (see 
tin* figure given by Palmen), Q'>Q thus the effect on the temperature gradient 
along the vertical will bo more marked, and an isothermal region or even a region 
of inversion may result The marked rise of temperature between 16 — 18 gkm. 
indicates a strong probability of heating near tin* tropopause either by descent of 
air alone or both by descent and divergence 


Evidence regarding tin* decrease m tempeiatures and the lowei level of the tro- 
popause lias been obtained when the depression was moving through Rajputana, 
where the drier northwesterly winds are known to take part in a depression of the 
monsoon season It cannot however be emphasised that these features will be neces- 
sarily found when a monsoon depression or storm is over the Bay of Bengal or has 
just entered the mainland of India. Data regarding the distribution of temperature 
and humidity m such a depression at or near its place of origin are still lacking. 

I wish to record here my best thanks to Messrs. J. C. Roy and Bnj Mohan of the 
Upper Air Observatory, Agra, for help in preparing the diagrams and to Mr. G. 
Chatter] ee, Meteorologist-in-charge, for placing the sounding balloon records at my 
disposal. 


7 The mean level of the tropopause in August lies between 16 — 17 gkm. 

8 Vide e.g. E. Palmen, Beziehg-Zwisoh Troposphar. U. Stratosphar. Temperature-u Luftdruck- 
Bchmankungen. Beitr. Phys fr. Atm. Band 17^Heft 2, S. 105, Pig. 1, 1931, or A. Refsdal, Zur Ther- 
modynamic der Atmosphare, Geofysiske Publikasjoner, Vol. IX, No. 12, p. 55, fig. 12, 1932. 

9 See Exner’s Dynamisohe Meteorologie, Second edition 1925, p. 85, for the meaning of the symbols 
used. 

ic o onn oon 01 « ok S 1 TDQ 















NO— SN6/61. 


INDIA METEOROLOGICAL DEPARTMENT 


SCIENTIFIC NOTES 

Vol. VI, No. 61 . 


Evaporation in India calculated from olher 
Meteorological Factors 

BY 

P. K. RAMAN, B.A., Research Scholar 

and 

V. SATAKOPAN, M.A., Agricultural Meteorology Branch. 
(Received on 24th February 1934,) 



Published by the Manager of Publications, Delhi. 

g p s r ruo'tn 

Prtee t R*. 


t'nce : Rs. 3*8*0 or 5s. 6 d. 



List of Agents bom whom Qoncmmt o I India PaMioaHons aie available. 


■NOLAND. 

tmm high commissioner ton india, india housr, aldwych, London, w. c. % 

PALESTINE. 

BtalmaUky, Jerusalem. 

INDIA. 

(•) Pbovikoul Govaunuirr Book Dims. 

Madias.— S uperintendent, Government Frees, Mount Road, Madras. 

BOMBAY '—Superintendent, Government Printing and Stationery, Queen's Road, Bombay. 

Sibd '—Library attached to the Oflkoe of the Oommisaioner in Sind, Karachi. 

United Pao tutors of Asia ajtd Oodh . — Superintendent of Government Frees, United Provinces of Agra and Oudh 
Allahabad. 

Punjab — Superintendent, Government Printing, Punjab, Lahore 
Burma — Superintendent, Government Printing, Burma, Rangoon 

CMifTRAL Peqwoes amo Bihar — Supsriutendsnt, Government Printing, Central Provinces, Nagpur. 

ASSAM *— Superintendent, Assam Secretariat Press, Shillong 

Bihar AMD Orissa . — Superintendent, Government Printing, Bihar and Orissa, P. O. Gulsarbagh, Patna. 

Norm- Wist Fromtibr Protiitob —-Manager, Government Printing and Stationery, Peshwar. 

(6) Put An Book -sillier. 


Aero Stores, Karachi Olty.* 

Albert Library, Daooa 
Association Press, Galenas. 

Banerjee A Bros , Ranchi, Messrs. G 
Banthiya A Oo., Ltd , Kucheri Road, Ajmer. 

Bengal riving Club, Dum Dura Gantt * 

Bhawnanf A Sons, New Delhi. 

Bombay Book Depot, Gligaon, Bombay. 

Book Company, Calcutta 

Book lovers Resort, Taikad, Trivandrum, South India. 

Burma Book Club, Ltd , Rangoon 
Butterworth A Oo. (India), Ltd., Calcutta 
Calcutta Book Agency, KM, Shama Charan Dey Street, 
Calcutta. 

Chatterjee A Ob., 3, Bacharara Chatterjee Lane, Calcutta. 
Ohukervertty, Chatterjee A Oo , Ltd., 13, College Square, 
Calcutta. 

Olty Book Oo , Madras 

City Book House, Merton Road, Oawnpore 

Commercial Book Co., Lahore. 

Das Gupta A Co.. 54/3, College Street, Calcutta. 

Deocan Book Stall, Poona 4 

Delhi and U P Flying Club. Ltd., Delhi. 

English Book Depot, Ferosepore 

English Book Depot, Taj Road, Agra, ana Saddar Barn, 
Jhansi 

Knglish Book Depot, Bank Road, Ambala Cantt 

English Bookstall. Karachi 

Fakir Chand, Marwah, Peshwar Cantt. 

Fooo Book Agency, New Delhi and Simla 
Gaya Prasad A Sons, Agra. 

Gopalakrishna Kooe. Poddumandapam, Madras, Mean. 
R.M. 

Grantha Maodir, Cuttack 
Higginbothams, Madras. 

Hindu Library, 137/F , Balaram De Street, Calcutta. 
Hyderabad Book D»pot. Chad* rghat, Hyderabad ( Deccan). 
Imperial Book Depot, and Press, near Jams Masjid 
(Mschhliwalan), Delhi 

Indian Army Book Depot, Dayalbagh, Agra 
Indian Army Book Depot, Julfundur City and D&rya- 
ganj, Delhi 

Indian Book Shop, Benares City 

Indian School Supply Depot, 303, Bow Basar St , Calcutta 
Insurance Publicity Co., Ltd , Ijahore 
International Book Service , Poona 4 
Jaina A Bros., Mori Gate, Delhi, Messrs J M 
Jam ‘is Murray A Oo , 14, Govt Plac?, Calcutta (for 

Meteorological publications only). 

Kali Charan k Co , Municipal Market, Calcutta 
Kamala Book Depot, 15, College Square, Calcutta. 

Kamala Book Stores, Bank! pore, Patna 
Karnataka Publishing Home, Bangalore City. 

Keale A Oo, Karachi. 

Kothari, Ralpura Road, Baroda, Mesnrs. M. C. 
Kriahnaswami A Oo., Teppakuiam, P. 0 Trichinopoly 
Fort, Mesars. 8. 

Labiri A Co., Calcutta, Mmsrs S. K. 

Law Printing House, H, Meant Road, Madras 
Law Publishing Oo , Mytapoce, Madras. 

Lawrence and Mayo, Ltd.. Bombay (for Meteorological 
publications only). 

Loss! Self-Govt. Institute, Bombay. 

London Book Oo (India). Arbab Road, Peshawar, Home, 
Nowabers and Rawalpindi. 

London Book Depot, B. I Basar, Bareilly, U. P. 

Malbotra Aflp. Qoetta, Mean. 0. P. 

Mohanlal Dngbhsl Shah. Rajkot 
NaiMklshorc A Bros., Chowk, Benares City. 


Nateaon A Bros., Teppakuiam P. 0., Trichinopoly, S. India, 
Messrs. L. S. 

Nateaon A Oo., PabUshere, George Town, Madras, Measts. 
G. A 

Newman A Oo., Ltd., Calcutta, Messrs. W. 

North India Christian Tract and Book Society, 18. GllTt 
Road, Allahabad 

Oriental Book Supplying Agency, 15, Shukrawar, Poona 
City 

Oxford Book and Stationery Company, Delhi, Lahore, 
Simla, Meerut and Calcutta. 

Pandia A Co , Bombay, Messrs J M 
Parikh A Co., Baroda, Messrs. B 
Pioneer Book Supply Oo , 20, Shib Narayan Das Lane, 
Calcutta, and 219, Cloth Market, Delhi. 

Popular Book Depot, Grant Road, Bombay, 

Punjab Religious Book Society, Lahore. 

Punjab Sanskrit Book Depot, Saidraltha Street, Lahore. 

Kagtmoath Prasad A Sons, Patna City 

Ram Chandra Govlnd A Sons, Kalbadevl Road, Bombay. 

Ram Chandra A Sons, Ambala, Kasanli 

Rama Krishna A Sons, Booksellers, Anar kali, Lahore. 

Ram Krishna Bros., Opposite Bishrambag, Poona City 
Ram Naraln Lai, Katra, Allahabad 
Raraesh Book Depot, Stationery Mart, Kashmers Gate, 
Delhi 

Ray A Sons, 43, K A L. Edward e* Road, Rawalpindi 
Mur me and Peshwar, Messrs J 
Ray Chowdhury A Co . 58/5, Ashutosh Mukherjee Road , 
Calcutta 

Rochouse A Sons, Madras. 

Ruee A Co , Karachi 

Roy Chowdhury A Co , 11, College Square, Calcutta 
Messrs. N \I 

Sampson William A Co , 127-B , The Mall, Cawnpore. 

Sarcar A Sons^ 15, College Square, Calcutta Messrs M. 0. 
Sarkar A Co , 2, Shama Charan De Street, Calcutta, Messrs 
V C 

Scientific Publishing Co,, 9, Taltola Lane, Caloutta 
•WiachaJam A Co , >lasullpatam, Messrs M Shlvjl A Oo., 
P A Chaulisganj, Cuttack 

Shri Shankar Karoattka Pustaka Bhandara, Malamuddl, 
Dharwar 

S P Bookstall, 21, Budhwar, Poona. 

Srivilliputur Co-operative Trading Union, Ltd , SrlvUli- 
puttur (SIR) 

Standard Bookstall, Karachi 
Standard Bookstall, Qutttt and Lahore 
standard Book IVpot, Lahore, Dalliouiie and Delhi 
Standard law Book society, 5, Hastings Street, Calcutta. 
Standard Literature Company, Ltd., Calcutta. 

Students* Emporium, Patna 

Students’ Popular Depot, Kacherl ltd , Lahore. 

Surat and District Trading Society, Surat 
Taraporevala Sons A Co , Bombay, Messrs. D. B. 

Tharker A Co , Ltd , Bombay 
Thacker Spink A Co , Ltd , Calcutta, 
i'npatht A Co, BookspUers. Prlnosss Street, Kalbadsvi 
Road, Bombay, Messrs. N M. 

Union Stores, Indore City. 


University Book Agency, Kachari Road, Lahore. 

Upper India Publishing House, Ltd, Literature Palaes, 
Aramuddaula Park, Lucknow 
Varadachary A Go., Madras, Messrs. P. 

Vijapur A Co., Vlxagapatam. 


Whjchar A Go., Allahabad, Calcutta and Bombay, Meeara 
A H. 

Young Maa'A Oo., AJmv, and Sgertoa Road, DelhL 


oa avteflan only. 



(VOLUME VI.) 


Number 61 . 


EVAPORATION IN INDIA CALCULATED FROM OTHER METEOROLOOICAL 

FACTORS* 

BY 

P. K. Raman, B. A., Research Scholar , 
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Abstract . — The paper contains a discussion of the mean monthly and annual evaporation at 
80 stations in India The evaporation is calculated from the formula . 

E = (1*465 — 0 0186 B) (0 44 +- 0*1 1H W) — i) where E is the mean daily evapora- 
tion in inches, B the barometric pressure at station level m inches, W the mean wind velocity oi 
the day at 4 feet above ground m miles per hour, h the mean relative humidity and e the vapour 
pressure in inches of mercury Monthly and annual evaporation charts have been drawn and dis- 
cussed. The values of ‘ r\mfall minus evaporation ” at the 80 stations have been calculated ; 
these indicate the and and the wet zones of the country Finally, the importance of evaporation 
in salt-works and its influence on plant life have been discussed 

Contents. 

(1) Introduction. 

(2) Evaporation Formulas. 

(3) Calculation of Possible Evaporation in India from Meteorological Factors* 

(4) Dismission of Results. 

(5) Evaporation and Salt-works. 

(6) Evaporating Power of the Atmosphere in Relation to Plant Life. 

1. Introduction. — It is well known that evaporation has a very important 
bearing on agriculture as it is one of the major factors in the disposal of water in the 
upper layers of the soil, received mainly in the form of rainfall or, to a smaller extent, 
as irrigation. Further, the conditions which control evaporation also influence the 
transpiration of water by plants ; this is again one of the major factors in the disposal 
of soil moisuure. A knowledge of the evaporating power of the atmosphere is also 
of primary interest to the irrigation and the water works engineer, as well as to persons 
controlling salt works. To the meteorologist the phenomenon of evaporation a 
special appeal as all the moisture in the atmosphere which is his ‘ working substance f 
is derived ultimately by evaporation from the oceanic surfaces, the great lakes 
rivers, the soil and the plant world. 

* Thu investigation was made in the Agricultural Meteorology Branch (India Meteorologi- 
cal Department) financed by the Imperial Council of Agricultural Research. 
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It is surprising therefore, that actual records of evaporation in various parts of 
the world are extremely scanty and mostly unsuitable for a comparative study. 
Both in the length of the records and in the apparatus used for the measurement 
there is considerable variation ; one may say that, barring a few exceptions, the 
subject has attracted only amateur attention. Systematic measurements have 
been started recently in the United States of America. Egypt, Japan and other 
countries are also slowly following. 

In India there are about 3,000 raingauge stations, distributed more or less 
uniformly. The records of these stations are available generally for mote than 40 
or 50 years. Compared with this rainfall organisation, the attempts at measuring 
evaporation have been quite meagre, perhaps in view of the difficulties of installing 
suitable instruments and of taking observations with them. Some observations 
spread over a few years are available from the old records of the Trivandrum and 
Madras observatories. The observations of Leather 1 at Pusa, those made at a few 
irrigation works on the Cauvery and at some of the agricultural stations in the Punjab 
and in Sind, and the very detailed observations made at Colaba and discussed by 
S. K. Banerji and H. M. Wadia in a recent Memoir of the India Meteorological 
Department 2 , practically exhaust the scanty list of data available in India. The 
importance of commencing observations of evaporation at a large number of repre- 
sentative stations in India on a uniform basis, with similar instruments and similar 
exposures and precautions, can hardly be over-emphasized. In the absence of such 
records and in order to obtain a preliminary idea of evaporation in India, an 
attempt has been made in the present paper to study the subject as far as possible 
from the meteorological factors which directly control it. 

2 Evaporation Formulae. — Investigations m the laboratory and outside 
have shown that evaporation increases with (a) the defect of saturation of water 
vapour, (6) the velocity of the wind, ( c ) the temperature of the water surface, and 
( d ) the temperature of the air just above the water surface. The effect of atmos- 
pheric pressure, as judged from simultaneous observations at a few stations at differ- 
ent altitudes, has been found to be to suppress evaporation with increase of air 
pressure and vice versa . 

Some of the more important empirical formulae* suggested by different workers 
for calculating evaporation from meteorological factors are given in the Table below : — 

Table 1. 


Serial Formula. Name ot worker. Nature of apparatus. 

No. 


1. £-(0-40 + 0-19917) (e— e rf) 

Fitzgerald 

Observations under controlled condi- 
tions inside laboratory as well as under 
natural conditions outside. 

2. £=(0«39 4- 0*187 W) ( e * — e rf ) Carpenter 

Experiments on a sunken tank 3 feet 
square. 

3. £-( 1-96 + 43-88) (e^— e ) 

Russel 

Observations from Picho evaporimetres 
at 19 Weather Bureau stations in 
the U. S. of America. 

4 . £=(0-8424 +0-01050)7) 
X(e,— *i) 

Stelhng 

Based on pan experiments in Russia (m 
metric units) 

5. £—0-138 -£x (1+0-07 W) 

Bigelow 

Based on very exhaustive and complete 
experimental data. 

W m kilometers per hour. 

6. £— C (^r8 # — Cj) 

Horton 

Theoretical study and results of observa- 
tions. 

7. £—(0-5 + 0-05)7) (e, — ej) 

Meyer and Froe- 
mnn. 

Based on Weather Bureau Observations, 
U. S. A. 


* C. Rohwpr. Loc. Cit . 
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8. ■® SSB rrr— s! % • Cummin" and 

"(*+«) ItichmtLion. 

9. E=(e 8 — e d ) . 

X [0-319 -f () 3,o (U'~ 10 8)J 

10. £7=-2-0(lo"t— 1 71) Leather 

4-0 33 (lo" D --1 oo) 

4- 0-36 (lug H r 0 12f>) 

11. J?»(l-465--U 01S(,/?) CarlKohuei 

x(0 44 -t-0 118 W) (e a ~e d ) 


Hilled on the theory that evaporation 
is u lime lion ot insolation 

15 ■— <! '»n «■* iti->tnvl s^tudy *>f the jranirc 
In i 'In *» ot i.ihi* iSii]ienor v Lake 
Mil hi"an and L.ike Union. 

Jitioed mi the evaporation data collect- 
ed at L'U'vi [III and IT in motile units) 

liiised on \eiy r\l LU^tixo and comp- 
lete stuoiL" m l.dioialniy and out- 
faido 


win Vi metric unit'- aio used) 


The symbols used above aro explained below • — 

E- evaporation in inches per 24 hums (or m nuns per 21 hi 
i -- mean tunponiUiiu of atmospheie m L F 


c g — mean vapour picture of saturated air at the tt mpi-iatme or the watci suifaco in inch** 
of rneicuiy (or in min. \vhi*i« meti n umS .ire indicated) 


e<j--moan Vdpour pressuie of satuiated an .»t the ti mpnatiin oi the d»w point, in inches of 
mucuiy (or in mm. where metric units an* n.dii it* d; 


c w — vapour pre-tiuiu at the mean wot bulb temp latere, m mt in s ot nicrcui> (orin mm 
where inetiie units are indicated) 

C ~ coefTieient of tho function 
D -=■ lUO —8 A m liuimdity. 

ir-=mc.m velocity of "round wind in miles per hour (or metre-* pi r second where, metric 
amts an* mdieated) 

/J=ineaii baiometer reading, in inches of nil icuy. 


d, 

"JjT = rato of chango m tho maximum vapour jiruniim with tempciituro 

a 

II = net radiation 

<S=licat stored m a column of water of unit cross-sect *on. 

L= latent heat of water. 

— Bowen’s ratio 

^=wmd factor 

The formula Ko. 11 in the table has been obtained b\ f 1 Roliwcr* from a series 
of elaborate experiments intended to estimate separately tlu influence of each of 
the factors at a time, by keeping the otheis unchanged Thus the \aiution of eva- 
poration with (1) temperatine of the wafer surface, (2) Impel at me of the air near 
the evaporating suiface, (3) the defect of saturation, (4) wind velocity near the eva- 
porating surface, and (j) altitude of obsen mg station above mean sea level have been 
carefully estimated, by the series of cxpeiuncnts. 

The formula has been tested with comparative obsei vat ions taken with the 
following types of evaporimeters and found to be satisfactory 

(1) U. S. A. Weather Bureau land pan 4 tt in diameter, 10" deep, supported on a 
grillage of timbers with top of tank 14" above tlie giound suiface. 

(2) Colorado pan, 3 ft. square, 18" deep, sunk in ground with top edge 1 J" above 
ground. 

(3) 4 ft. circulai sunken pan, 3 ft. deep with rim 3" above ground, and 

(4) a circular pan, 4 ft. in diameter and 10" deep floating in water. 

Simultaneous obsci vations taken from a large reservoir about 1,800 acres in 
extent indicate that the formula gives values about 30 per cent, higher. 
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The values of evaporation computed from the formula 1 1 have also been found 
to agree fairly closely with actual measurements at a large number of stations in the 
U. S. A under natural conditions * 

3. Calculation of possible evaporation in India from Meteorological factors. — 
It was accordingly considered desirable to calculate fioin this formula (11) the 
mean monthly evaporation expressed as inches per day and per month at repre- 
sentative stations in India for the twelve months of the vear Plate III shows the 
80 stations selected for calculating evaporation The height of anemometer cups 
above ground level at each station is given against the station circle In selecting 
the stations the quality of exposure of the wind instruments was given primary 
consideration , stations with the best exposure have been selected The monthly 
normals of the following elements are available for these stations - 

(а) Barometric pressure at 8 a m (local time) and reduced to 32°F. 

(б) Mean wind velocity in miles pci hour. 

(c) The percentage humidity at 8 a.m. (local time), and 

(d) Vapour pressure in inches of mercury at 8 a m. (local time). 

The effect of the correction for converting (a) into the daily mean is negligible. 

The wind instruments are usually exposed at the top of a building, or tower, m 
order to secure as free an exj osuro as possible The exposures, as well as the height 
of the instruments above giound, vary considerably from place to place The 
variation of wind with height 1ms been studied by Captain E. H Chapman 4 Ftg 1 
gives the ratio of wind at any height to that at standard level of 4 feet us calculated 
from the data discussed by Chapman. By using the reduction factor obtained from 

the mean wind velocities lor all the stations find for different months were 
reduced to standard level of 4 feet, which is the height of the base of a Stevenson screen. 
This height was chosen because the temperature and humidity data refer to this level 
and because we have no knowledge at present of the correction for reducing them to 
any lower level 

The humidity and vapour pressure are determined from the readings of the dry 
and wet bulb thermometers taken at 8 a.m. It is well known that the percentage 
humidity is extremely variable from hour to hour , the variations of vapour pressure 
from hour to hour are small, hut are not quite negligible. These variations of course 
change with season and with place and our knowledge of them is confined to about 
24 stations m India, where hourly observations of the various meteorological elements 
were collected for a few years These have been discussed by Eliot 5 For the 
remaining stations the corrections were applied by selecting appropriate combinations 
of the corrections of the above stations. 

The mean pressure, wind velocity reduced to 4 feet, humidity and vapour pres- 
sure reduced to mean of day for the 12 months of the year affe given in the first four 
columns of Table 2. 

Modification of Formula bo, 11 of Table 1. — C. Rohwer’s expression for evapora-. 
tion is: 

E=(l • 468 — 0*0186 B) (0-44+0-118 W) — e^), 

W e have no data of water surface temperatures at these stations and therefore have 
no means of directly calculating e tm Since, however, we are concerned with the mean 
daily evaporation, we may assume that the mean daily temperature of a water 
surface will not differ materially from that of the air at the same level. 

On the above assumption — -e rf =(i22 — l) e, where h is the humidity percentage 

n 

and a is the vapour premire as given in Table 2. 


* 0. Bohnti Lee. Ctt. 
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The mean daily evaporation for the different months and stations were calculat- 
ed from the modified formula ■ 

0-0180 B)( 0-44-fU-lld W) (2J? — 1) e (12). 

In view of the fact that the daily means of the meteorological factors have been 
used for calculatin' evapoiation, it mav he expected that the values obtained will 
give fairly reasonable estimates of daily evapoiation. Such information will surely 
pro/e instructive and useful until actual records are collected at a large number of 
stations. 

It may be interesting to compare the available evaporation data recorded by 
individual woikers at a few places in India for short periods and with widely different 
types of instruments with the values calculated from the meteorological factors aec« ril- 
ing to foimula 12. The comparisons of couise suftei from two shortcomings , («} the 
calculated values refer to icsults that would be obtaimd With a U. S A type of in- 
strument. under a standaid exposure, and (6) the calculated values w r ould represent 
the average 1 conditions ovoi a long period, w r hereas the value* observed at the few 
stations refer to induidual months or yeais 

The actual and calculated values aie given in Table 3 Relevant details or 
remaiks me also given as foot notes 

f hie finds if not perfi ct agi cement of numerical \ alues at least agreement m the 
order of magnitude and m the general seasonal variations. 

In Table 2, columns 5— 7, are given for the sake of comparison, (a) the mean 
daily evaporation in inches, (b) the mean total evapoiation of the month calculated 
at the iLnly late and (e) the mean monthly rainfall A point to be borne in mind is 
that the calculated evaporation ieally shows how' much water may be expected to be 
evaporated per day if a vessel w ith w’atcr is exposed at 4 feet, i e what one might 
call “ the evapoiatmg power of the atmosphere at that level. 

The net contribution to a reservoir at 4 feet above ground due to “ rainfall 
minus evaporation ” in different months of the year and during the year as a w’hole is 
a v^ry interesting factor w hich indicates how a reservoir freely exposed to rainfall but 
collecting no drained waters w ill lose or gam in w'ater content, according to the nature 
of the locality and the season. 

4. Discussion ol Results. — The monthly and annual ‘ evaporation ’ data for 
different stations have been plotted on charts and lines of equal evaporation drawn. 
These are given in Figs. 13 to 25 , Plates TV to VI t for the different months and for 
the year as a whole. 

The general features brought out by these charts are desci ibed below — 

January —Evaporation over Bengal, Assam, Burma and the Indo-Uangetic 
valley is below' 5" per month ; the lowest evaporation occurs m Assam, north Burma 
and the sub montane legions of the Himalayas Higher rates of evaporation pie\ ail 
over the Peninsula, excepting for a narrow’ belt below the Mysore plateau. The 
maximum evaporation occurs over the South Bombay Deocan, v y Sholapur 16- 1", 
Aurangabad 14* 8" 

February .—' The evaporation in this month is praotically similar to that in Jan- 
uary. The " high ’ over Madras has merged into the 1 high * over the Deccan ; there is 
a slight fall over the Malabar coast and a slight increase over Tenassenm. 

March.— All over the country there is an increase of evaporation, thiB being 
most marked over the Bombay Deocan and the central parts of the oountry including 
Rajputana and Orissa. The very low rate of evaporation over the interior of North- 
East India still persists. 

MliDGofOb 
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April.-— There is a further increase all over the country excepting South India 
and Lower Burma. The largest increase is over the Bombay Deccan, the monthly 
rate of evaporation being as high as 29 -l" at Aurangabad, 24*9" at Sholapur and 
24 -3" at Ncemuch. The rate of evaporation increases also very rapidly as one 
Approaches this “high” belt from the coast, e.g ., 8*5* at Bombay, 17-7* at 
Boona and 29-1* at Aurangabad. 

May . — The belt over which evaporation is higher than 15" per month has in- 
creased very much in area ; but the intensity of the ‘ high ’ over the Bombay Deccan 
has weakened somewhat under the influence, presumably, of the occasional thunder- 
storms that occur during tins month The maximum evapoiation area has also shifted 
northwards. Elsewhere the evaporation is on the increase except on the South 
Malabar coast and in Burma There is family any change m Assam, which continues 
to be the area of very low evaporation. 

June. — With the ons# of the South-West monsoon there is a general decrease 
in the rate of evaporation all over the Peninsula, Bengal, Burma and the Gangetic 
plain. Over Madras South-East, and North-West India, however, the influence of 
the monsoon winds or rain is feeble and the evaporation continues to be high. The 
area of maximum evapoiation has now moved over to Sind and West Rajputana. 
The gradient from the interior to the sea-coast has also considerably weakened. 

July . — There is a conspicuous fall of evaporation over the whole of Central India 
and a further slight fall over Burma and Malabar The region of high evaporation 
is confined to Sind and West Rajputana, eg Hyderabad (Sind) 17". 

Angu st . — There is a further fall over Central India and North-West India. The 
comparatively high rate of evaporation over South-East Madras persists. The 
intensity of evaporation over Sind is less than in July. 

September . — Very much like August. 

October. — The area wjtli evaporation 5" and above shows an extension towards 
Bengal m comparison with September. The area of high evaporation is over Sind 
and Rajputana, but a tendency to move southwards is noticeable. A ‘ high’ of 
small extent has also appeared over the Bombay Deccan. Another point of note is 
the fall of evaporation over South-East Madras with the setting in of the North-East 
monsoon conditions. 

November . — The area of high evaporation over Sind and Rajputana has prac- 
tically disappeared with wintry conditions setting in, but that over the Bombay 
Deccan persists. Lower Burma shows a tendency to rise. 

December. — With the advance of winter the evaporation has fallen considerably 
over North India, the lowest evaporation now occurmg over North Bengal, Assam and 
the sub-montane regions. Conditions are similar to January except that in Januaiy 
the * high ’ over the Bombay Deccan is a little more intense. Secondary highs are 
also appearing over Madras South East, and the Northern Circars. 

Annual.— As may be seen from the annual cliart, Bombay Deccan, Rajputana 
and the western half of the Nizam’s dominions have evaporation above 120" per year. 
Assam and Upper Burma have the least evaporation with an annual value of the order 
of only 30". Other areas have intermediate values. This chart may be compared 
with Fig . 26, Plate VI, showing the difference between rainfall and evaporation. In 
general, the west coasts of India and Burma which receive heavy rainfalls have slight 
evaporation. The arid regions, viz., North-West India, Rajputana and the 
Deccan have high evaporation. Malabar, the Burma coast arid North East India are 
also the areas where the annual rainfall is in excess of the annual evaporation, the 
excess being most pronounced in the coastal regions *nd in Assam. Evaporation is 
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predominating over rainfall .elsewhere, and to the extent of 100' and more over 
the Bombay Deecan, Rajputana and Sind. The values of “ rainfall minus evapora- 
tion ” for individual months are given in Table 2, Column 8. 

A comparison of the above account and the evaporation charts with the clima- 
tological maps showing the mean daily temperature, humidity, wind, clouditi6fl& 
etc.,* shows that evaporation in India closely follows the march of the seasons. $iie 
light winds, weak insolation and low temperatures of the cool season cause only slight 
evaporation over North India ; the Bombay Deccan and the adjoining tracts with 
relatively greater insolation and air temperature are areas of maximum evaporation 
during the winter and pre-monsoon seasons. With the advent of summer conditions, 
higher temperatures, greater deficiency of saturation of moisture in the atmosphere, 
stronger air movements set m and the evaporation also increases everywhere, becoming 
highest m April and May. The whole central portion of the country represents the 
area of high evaporation at this time of the year. When tiie South West monsoon 
sets in with its strong moisture-laden winds and heavy precipitation, the west coast of 
India and Burma and North East India experience a sudden check in the rate of 
evaporation ; the region of maximum evaporation which lay over the Bombay Deccan 
also recedes towards Smd and Ra jputana. During A ugust and September the full effect 
of the monsoon begins to be felt in North West India and the intensity of evaporation 
weakens even there. Later with the retreat of the monsoon and the setting in of the 
autumn in North India the evaporation “ high ” commences its southward move- 
ment towards the Deccan. In November and December wintry conditions are 
established. It is, however, only after other parts of India have experienced the 
vicissitudes of the South West monsoon that South East Madras begins to experience 
the North-East monsoon and its associated rams ; the moderate and steady evapora- 
tion over this area now decreases temporarily. 

Figures 2 to 77 show the mean monthly evaporation, rainfall, percentage humi- 
dity, wind velocity and temperature in different months for a few stations, selected 
with a view to bring out the special features of the different parts of India. 

Figures 2, 3, 4 and 3 are of the continental type with extreme variations from 
winter to summer ; Jacohabad in spite of its reputation for very high temperatures 
in summer has less wind movement and is therefore not able to compete with Auran- 
gabad in evaporating power. 

Figure 6, Bogra, represents the extreme humid typo of North East India, viz., 
low evaporation throughout the year, m summer due to high saturation and in winter 
due to low temperature. 

Figures 7 and 8 , Mangalore and Rangoon, represent the South-West monsoon 
type , there is a high percentage of saturation all through the year and he evapora- 
tion which is already low in summer decreases still further when the South-West 
monsoon sets in. 

Figures 9 and 10, Madras and Pamban, represent the North-East monsoon type. 

Figure 77, Karachi, is interesting ; hefo the evaporation is moderate and uni- 
form throughout the year. In winter, though the temperature is low and the wind 
is light, the air is dry and promotes evaporation ; in summer the saturation is high 
but the high winds and higher temperature keep up the evaporation. 

5. Evaporation and Salt-works. f — The subject of evaporation is of great 
importance to salt-works. This industry can thrive on a commercial scale only at 

f * Eliot’s Climatological Atlas of India. 

t There are also smaller areas in tho interior with salt deposits, f.o.. Hyderabad Deccan 
Sambhar Lake. 
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pla^s when- the works will progress throughout or during a large part of the year 
without interruption or damage by rains The ideal conditions are : — 

(1) Proximity to sea m order to have easy access to brine, 

(2) scanty or no ramfnll, 

(3) strong insolation winch, m turn, would depend upon cloudless skies 

(4) moderate to high air temperature with large deficiency of moist ure. 

(5) moderate to strong winds, and 

(6) moderate to high evaporation throughout the year, which, m turn, de- 

pends upon the first five factors. 

Obviously one has to look for suitable areas along the coasts of India , an exami- 
nation of the evaporation charts shows that the following areas are suited to salt- 
works m the order in winch they arc mentioned : — 

(1) Mekran, Baluchistan, Sind and Kathiawar coasts , of the-e the Mekran 

and Baluclustan coasts are comparatively inaccessible to trade. 

(2) The southern half of the Coromandel coast, between Negapatani and Cape 

Coraonn. 

(3) The north Madras coast, between Nellore and Gopalpur. 

The mean weather factors at one station m each of the above areas are given 
below m order to show' why they should be placed m the above order. The corres- 
ponding data for Mangalore and Akyab are also given to show’ their extreme unsuit- 
ability. 


Name of Station 

Annual 

Rain- 

fall 

No of 
rmnv 
day* 

during 
y* nr 

Mean 

air 

ature 

Mean 

°;. H 

Mean 

V V 

in in- 
ehi ■« of 

Mean 

wind 

\elo- 

cit\ 

Moan 

evapora- 

tion. 

Mean 

rain 

mimiB 

*vapo- 

ration 

Karachi 

7 56 

10 

78 

71 

0 697 

5 43 

91 74 

—84 18 

Dwarka . . 

13 52 

"0 

78 

75 

0-759 

6 61 

98 12 

—84 6(i 

Pamhan . . 

37 00 

1 

30 

82 

75 

0 848 

5 15 

88 40 

— 51 -40 

Gopalpur . 

44 96 

no 

80 

75 

0 772 

5 32 

89 58 

— 44 62 

Mangalore 

125-68 

120 

79 

79 

0 794 

1 64 

46 62 

4-79 06 

Akyab 

203 37 

125 

79 

83 

0 794 

I 69 

35-00 

f 168 37 


7. Evaporating power of the atmosphere in relation to plant life.- So far, l>y 
evaporation, w r e have meant the e\ aporat mg power of the atmosphere wuth respect 
to a free surface of water at 4 feet above ground W hen w r e consider evaporation 
in relation to the plant-world we have to consider three factors, rtz., 

(1) evaporation from the soil surface, 

(2) transpiration from leaves, 

(3) transpiration from the stems , this is only a small proportion of the trans- 

piration loss, 

Whereas (1) is a physical process, (2) and (3) are also controlled partly by the 
physiological processes of the plant. 
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Measurements of these factors in India arc very scanty. The work done at Pusa, 
by Dr. Leather on the water-requirements of crops m India throws some light so far 
as t.ianspirationis rencemed. 0*n knowledge of evaporation from tlio soil under 
uatuial condition «. is practically nil m rndia 

It may however ho expected tli.it, m anus which receive iWpiont rams during 
the monsoon and have 21 moiit *■ 01 1 ^urhioe, the calculated evaporation may bo ex- 
pected 1o give a bettor relation to sod cvaooiat ion than during other seasons. Ex- 
periments on sod evaporation are needed before one could venture to draw any general 
conclusions 

In conclusion t.lic authors desire to express their giateful thanks to Dr. L. A. 
Ramdas for his continued interest and guidance. 
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Table 

Actual and Calculated 


Month. 

Pusa (l) 

Madias (2) 


Bombay (4). 

Actual 

Cal 

Actual 

Cal 

Actual. 

Cal 

Actual 

Oal. 


(Inch.) 

(Inch ) 

(Inch.) 

(Inch ) 

(Inch ) 

(Inch ) 

(Inch ) 

(Inch ) 

January 

07 

05 

15 

10 

23 

27 

24 

24 

Februaiy 

10 

OS 

18 

11 

33 

30 

25 

27 

March 

10 

21 

20 

15 

46 

41 

29 

27 

Apiil 

22 

33 

25 

17 

73 

59 

* 33 

28 

May 

2b 

33 

27 

27 

65 

46 

39 

27 

Jime 

20 

IS 

20 

35 

35 

29 

17 

23 

July 

16 

10 

24 

21 

32 

17 

11 

21 

August 

11 

10 

i 

23 

17 

21 

14 

13 

18 

Septembei 

13 

11 

IS 

-15 

24 

15 

15 

13 

October 

14 

11 

17 

11 

•26 

18 

•23 

18 

November 

11 

U7 

15 

12 

23 

24 

27 

23 

December 

07 

05 

15 

•13 

•20 

-22 

26 

24 


(I ) Evaporation from fn e water Surface by Dr L< ather page 10 
(3) Unpublished data collected at Agn Met. ObbcrvaLory. 

(5) Memo us of Ind. Met Dept 
(7) Unpublished data 
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3. 

Values of Evaporation 


Trivandrum (5). 

Lahore, Lyalipur (6). 

Sind, Sakrand, 
Hyderabad (7). 

Karachi (8). 

Actual. 

Cal. 

Actual 

Cal. 

Actual. 

Cal. 

Actual. 

Cal. 

(Inch.) 
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07 

05 

18 

19 
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26 
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09 
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05 
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21 


26 


(2) Observations at Madras observatory 1 S‘JS- 1!*03 India Met I)cpt. 
(4) Q. J Roy Met Soe Volume XX (18'J4) page 6.*) 

(6) Evaporation from free water Surface by Dr. Leather 
(8) Un published data 


O r Z P, Poona, 1949 
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A STUDY OF THE ATMOSPHERIC HORIZONTAL VISIBILITY AT BANGALORE 

BY 

A. Ananthapadmanabiia Rao. 

(Received on 17th May 1933.) 

Abstract — Visibility obsci vat ions taken at, Ikui-'aloin during a period of two years at 
H, 10, 12 and ltihra have boon aiuilvsoil .mil iho monthly, seasonal and annual variation of visi- 
bility frequencies are niven Visibility is ircne rail v tor to good , bad visibility is a rare 
occurrence except in the i •minings, when it is largdv associated with mist, fog or haze; the 
frequency of bad wsibility is> meatebt in winter and sui mn ei i caching a maximum in March 
and is least in the S\V iiionsuon with a nmiinium in August 

A study ot the association ot had visibility with icl.itivo humidity, wind velocity, wind 
direction and Cumulus or Cumulo-Nimbus clouds, shows that — 

(1) bad visibilitv is a minimum with values of rolitive humidity between HI and 80%, 

(2) frequency ot bad visibility deuioases with increase in the velocity of the surface- 

wind, 

(3) bad visibility is most froquont with suuthoily winds and least frequent with northerly 

winds, and 

(4) bad visibility is loss fioquenl in the piesciice of Cumulus or Cumulo-Nimbus cloud 8 

than in their absonco 


Introduction. 

Topography —Bangalore, where the Central Observatory of the Mysore 
State is situated, is the chief administrative centre and lies m Lat 12° 58'N, Long 
77° 37'E, at a height of 0-92 Kilometers above mean sea-level. It is far removed 
from the sea and is noted for its salubnous climate, extremes of temperature being 
unknown, and the atmosphere being neither very humid nor dry. 

It coveis an area of about 25 squaie miles, and is composed of two adjacent 
parts, the city and i lie Cantonment It is not an industrial centre using coal on a 
large scale and the few mills and factories existing, which lie mostly to the west 
and northwest (see map) of the observatory, use electric power. The city Railway 
Station with its engines using coal is more than a mile away from the observatory. 
The atmosphere may therefore be expected to be largely free from pollution by pro- 
ducts of combustion. Most of the roads with heavy traffic are tarred so that the 
dust raised by traffic is much less than in less favoured cities. 

The Central Observatory is situated m the city area in a spacious compound 
in the midst of Government and University buildings. 
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Towards the northwest, north and east the surrounding country is open and 
undulating with hills rising m the distance. The chief of these are the Nandidurg 
(4850 ft.) at a distance of 32 miles to the north and the Sivaganga hills (4560 ft.) 
30 miles to the northwest. Both of these are used as landmarks for visibility code 
figure 9. To the west and south the land slopes towards the valley of the Arkavati 
and is rocky and hilly. The hills are covered with thick jungle and numerous tribu- 
taries of the Arkavati rise from them Savandurga (4020 ft.) beyond the Arkavati 
at a distance of 20 nules to the w est and the Banneraghatta hills (3270 ft.), 10 miles 
to the south are other land marks A map of Bangalore and surroundings, with a 
smaller map showing the observatory and mills, etc , is given as a frontispiece. 

Data employed. — Visibility observations were made at 8, 10, 12 and 16 hrs 
Local Time, from the top of one of the turrets (54 ft ) of the Central observatory in 
accordance with the International Code and have been denoted as usual by the 
Code figures 0 to 9 The data of the years 1930 and 1931 have been analysed. 
While considering the effect of wind oil visibility at 8 hrs however, five years’ data 
(from May 1927 to May 1932) have been used. 

The data are discussed under two sections The monthly and seasonal as 
well as the diurnal variation of visibility are discussed m the first section. On 
account of the importance of the incidence of bad visibility for purposes of warnings 
to aviators, the second section deals mainly with the association of bad visibility 
with other meteorological elements. 

Section I.- Diurnal, monthly, and seasonal variation of visibility. 

Table 1 gives the monthly frequencies of visibility under the different code 
figures, for the years 1930 anti 1931 combined, for each hour of observation. 
Taking the year as a whole it. \\ ill be seen that 80 per cent of the observations fall 
under the code figures 5, 6 and 7, and that only 9 per cent, fall under code figure 
4. Lower visibilities are rare and hardly make up one per cent. At the other end 
of the scale, excellent visibility (code figure 9) constitutes 2 per cent, of the obser- 
vations, and very good visibility (code figure 8), 9 per cent. Both of these are most 
frequent at 12 hrs , the next in order of frequency being at 10 hrs. ; this feature is 
present under code figure 7 also. 

For the purpose of further discussion in this paper, the visibility observations 
have been classified under three groups as follows : — 

(a) Code figures 0 to 4 termed bad, (b) Code figures 5 and 6 termed fair and 
(e) code figures 7 to 9 termed good 

The percentage frequencies of bad, fair and good visibilities after such group- 
ing, for each of the hours of observation, for each month, for the four seasons* and 
for the year as a whole are given in Table 2 The monthly variation of the percent- 
age frequency of bad visibility is also shown m the polar diagrams in Figure 1 for 
each of the hours. 

This table also shows that visibility is generally fair or good at Bangalore and 
that the incidence of bad visibility is very small at hours other than 8 hrs. Bad 
visibility is a minimum at 12 hrs. when good visibility is a maximum. Though 
the frequency of bad visibility is the same at both 10 and 16 hrs. the frequenoy of 
good visibility is less at 16 than at 10 hrs. 

•The four reasons of the year are — 

(a) The cold season (December, January and February). 

(b) The hot season (March to May). 

(c) The southwest monsoon season (June to September), and 

(d) The north oast monsoon season (October and November). 
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Taking the year as a whole, 23 per cent, of observations shows bad visibility 
at8hrs. ; this proportion rises to 33 per cent, in the hot weather and to 35 per cent, 
in the cold season. The greater frequency of bad visibility in the cold season is 
no doubt due to the frequent occurrence of morning fog, mist and haze (see Table 3). 
These seem to dissipate, however, soon after 8 hrs as there are hardly any phenomena 
of this kind at 10 hrs , when the frequency of bad visibility is only 2 per cent. In 
the hot weather, on the other hand, the conditions which cause bad visibility seem to 
persist longer giving rise to 14 per cent, of bad visibility at 10 hrs. and 8 per cent, 
at noon The maximum frequency of bad visibility at 10 and 12 hrs. occurs in the 
hot weather At 16 hrs , however, the maximum frequency of bad visibility occurs 
m the southwest monsoon season and seems to be associated with the greater fre- 
quency of drizzle and rain at this hour, a feature which is present in other seasons 
also to some extent Considering the day as a whole, the maximum frequency of 
bad visibility occurs in t lie hot season and the minimum in the southwest monsoon 
season This appears to be due to the dusty and hazy condition in the hot season ; 
and the wet nature of the ground which prevents dust being raised after the rains 
set m Considering the months individually the maximum frequency of bad visi- 
bility occurs in March at all the hours, except 16 hrs when it occurs in June. 

Section II Bad visibility and other meteorological elements. 

(I) Bad visibility and relative humidity at 8, 10 and 16 hrs.— The per- 
centage proportions of bad visibility to the total number of observations for different 
ranges of humidity at each of the hours 8, 10 and 16 are given in Table 4 for the 
different seasons and also for the year. The annual figures are plotted in Figure 2. 

Taking the year as a whole at each of the hours 8, 10 and 16 it is seen that as 
the humidity decreases from 100 percent., there is a general tendency for the fre- 
quency of bad visibility to dimmish down to a certain value of humidity, and then 
to increase with further decrease of humidity. Thus bad visibility is found to 
be least frequent for moderate values of humidity between 60 and 80%*. 

A study of the percentage proportion of good visibility at 8 hrs. to the total 
number of observations for the same humidity ranges ( Table A) shows a tendency 
opposite to that of bad visibility, i.e , as the humidity decreases from 100%, fro 
quency of good visibility increases to a maximum of 19% in the range 71 to 80 % 
of humidity and decreases with further decrease of humidity. 

Table A. 

Variation of (food visibility with humidity at 8 hrs , for 1930 and 1931. 


Humidity ° 0 

O-lO 

11-20 

21-30 

31-40 

41-50 

51-60 

01-70 

71-80 

81-90 

91-l()i 

Total No of observations 


■ 

2 

■ 

n 

23 


249 

294 

48 

No. of good visibility obser- 


■ 


1 

H 

3 


58 

51 

o 

vations 


1 



■ 






Per cent of the above 


■ 


II 

H 

13 


19 

17 

1 


Excellent visibility (Code fig 9) was recorded only 14 times during these two years, 
twice at 8 hrs and 12 times at 10 hrs. The corresponding humidity values 
ranged between 62 and 82%, except once in April when the humidity was 49% 


*At very low humidities (below 40%) a socond fall of bad visibility frequency can be sus- 
pected. But in most of these cases, the inference cannot be conclusive as the number of obierva - 
tions is very small. 
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The analysis of unusually good visibility at Valencia by Dines and Mulholland 1 
shows that 80 per cent of the occasions was associated with relative humidities 
between 60% and 79% and that the percentage of unusual visibility rapidly de- 
creased with increase of humidity , this is in agreement with the results at Bangalore. 
The above authors conclude that “ dryness ” of the air is of primary importance for 
unusual visibility , but it should be remembered, as the authors themselves point 
out, that “71% is approximately the mean value of the humidity at Valencia 
observatory sit the driest hour of the driest month of the year ” Again Bennett 
says that “ very good vi<ibilitv can only occur, however, in dry air 2 *’ and according to 
Wadsworth “ The median ' isihilitv increases m \alue as the humidity of the surface 
air diminishes so that very di\ air is usually associated with very good visibility ” 8 

As already pointed out by Pick 4 these statements do not seem to be universally 
true. At Bangaloie for example observations of visibility have been recorded 
at humidity values even below lt>%, but good visibility has not been found to be 
associated with humidity below about 50% 

These conclusions aio also supported to a certain extent by the observations 
discussed by Barkat All 5 lie finds that when humidity is above normal bad visi- 
bility is most frequent in all seasons except the hot season (March to May) when it is 
most frequent with humidity below normal * 

In a recent paper, A. K. Roy 0 , has analysed the visibility observations at 
Quetta according to the different ranges of humidity On examining Table 6 and 
Fig 5 of the above paper, it is seen that the tendencies observed at Bangalore are 
also generally present at Quetta 

The explanation for the tendencies observed is that with high humidities con- 
densation of moisture present m the atmosphere on the nuclei occurs and with 
low humidities there is a tendency for the an to get dustv or hazyf. A contributing 
factor may also be an increase m the number of nuclei in the air 


The data of Table 4 are now examined statistically to test if the observed 
variation in frequency of bad visibility are rcnllv significant The observations 
are for this purpose classified under live groups, / r ,0-20%, 21-10%, etc ( Table B) m 
The standard error, v #n l M b w h ,iro n~tot.il number of observations of visibility in 
each group, p percentage ire.uency ol bad visibility divided by hundred and 
q=l — p, is calculated for eaeli group Then the range ( 4i twice the standard error) 
within which the percentage frequency of bad visibility may vary accidentally 
is found for each group H’ anv two ranges overlap, it means that the t.wo are 
not significantly different 


•The association between visibilitv anil lmmulitv at «i place is more clearly exhibited when the 
analysis is made using actual ranges of relative liumiililv than h\ using ( liter ta Like * above or below ' 
normal f the physical conditions wlu< h em«.e condensation depend not so much, on the humidity being 
above normal as upon some critical \alue of relative humidity Tim value of humidity must be the 
same (or at least must lie within some range depr tiding upon the supply of nuclei, etc ), at all places 

tWadsworth’s paper on ‘ The ielation between H.i/e and Relative Humidity of the surface air ** 
(Met. office, London, Vol 3. Prof Notes No 26, 11)21 ) indicates a similar tendency at some of the places 
examined m England 

JH. L. Wright in his 11 Observations of smoke partu les and condensation nuclei at Kow observatory *■ 
(Met. offioe.[Geo. Mem. Vol 6 No. 57 page 17) has found high concentrations of nuclei both at very high 
and low humidities. 
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Table B. 

Percentage frequency of bad visibility at 8 t 10 and 16 hrs . 


Groups 

1 

2 

3 

4 

6 


Humidity. 

1—20% 

21 — 40% 

41- 60% 

61 — 80% 

81—100% 





0 

30 

340 

342 

Total No. of ob 








nervations. 

8 hrs < 


• 

3 

20 

64 

82 

No of bad visibi- 
lity 

Range of variation 




04 0 to 2°„ 

64 0 to 38 0% 

23 0 to 14 6% 

28 6 to 10 4% 








due to accident. 


' 

0 

61 

286 

320 

Hi 

Total No of ob- 
si rvations. 

10 hrs 



10 

16 

6 

9 

No of bad visibi- 
lity 

Range of variation 




26-1 to 7 1% 

8 7 to 3 3% 

3 2 toU 4" 0 

32 0 to 8 0° o 








duo to aooident. 



61 

222 

286 

114 

47 

Total No of ob- 








servations 


r 

3 

8 

13 

6 

10 

No of bad visibt- 
lity 

Rangoof variation 

IS lira J 

P 

10 OtuO 6% 

6 6 to 1 6% 

7 6 to 2 4° w 

8 3 to 0 G% 

47 8 to 20 2% 

1 

L 






due to acoident. 


The following tendencies appear to be significant — 

(1) At 8 hrs., bad visibility is less frequent in the 4th group than in the 3rd. 

(2) At 10 hrs., bad visibility is less frequent in the 4th than either in the 3rd 

or 5th groups. 

(3) At 16 hrs., bad visibility is less frequent in the 4th than in 5th group. 

The second fall below 40% humidity is not significant at the hours 8, 10 and 16, 
as the ranges of variation in columns 2 and 3 overlap. 

A similar analysis for good visibility at 8 hrs. ( Table C) shows that good 
visibility in the 4th group is greater than in the 3rd group. 

Table C. 


Percentage frequency of good visibility at 8 hrs. 


Groups 

1 

2 

3 

4 

5 

— 

Humidity, 

1—20% 

21 — 40% 

41 — 60% 

61 -80% 

81—106% 

* hr. ^ 

•• 

9 

0 

0 

39 

3 

14 9 to 0 5% 

Q 

342 

63 

19 9 to 12 1% 

Total No of ob- 
servations. 

No of good visibi- 
lity 

Range of variation 
due to acoident 


(2) Bad visibility and the velocity ol the surface wind at 8 hrs. As 
already stated the data of five years have been utilised for this analysis. The 
velocity of the wind was determined by a Robinson Cup anemometer (cups being 54 ft. 
above ground level.) The percentage frequencies of bad visibility for different 
ranges of velocity at 8 hrs are given in Table 5. The diagram in Fig. 3 indicates 
the same distribution for the year as a whole, 



























The table shows that in all seasons except the southwest monsoon season, the 
percentage frequency of bad visibility is high when the velocity is zero and that 
it gradually decreases as the velocity increases This general tendency to decrease 
with increasing wind velocity is also present m the southwest monsoon season, 
when the zero percentage with calms is probably due to the fact that five out of the 
six occasions were preceded bv rainfall during the previous night The effect of 
wind is to disperse the dust particles and other condensation nuclei which are res- 
ponsible for bad visibility This brings .1 hunt a dilution of the suspended impuri- 
ties so long as wind is not stiong enough to raise fresh dust from the ground. That 
wind disperses the suspended impurities of the an is shown bvtlie observations made 
by the Advisory rommitlee on \tmo>,pl»cri< pollution 7 it is found that the con- 
centration of impmity vanes mvemelv as the limt powei of t lie velocity of the wind 
except when the velocity is zeio neai 7 eio, or when it cveeds a eeitam high value 
From the observations available a! Bam»aloie m* e.umoi delmitelv sav that thoie 
is an increase of bad visibilitv aftei a euii< il value of the wind velonlv, for there is 
only one case of bad visibilitv* out of eleven ob.seiv.it ions when the velocity of the 
wind was above 20 in p. h 

The conclusions agree well with thov < if Baikal: Ali rt and Bennett 9 but 
according to Wadsworth 10 , and Pick 11 a siinil.u eoiielusion may not hold for sea- 
coast stations 

(3) Bad visibility and the direction of .the surface wind at 8 hrs — 
Table 6 gives the monthly frequenev of wind directions from the 10 points of the 
compass, with the corresponding fiequenev of bad vMhihtv Tin* data have also 
been grouped 1 nder the four qualianM X h. N, and W in the same table, the 
observations under the bordering dneetions MO SK, S\V, and XW being equally 
divided between the adjacent quadrants Tue percentage proportion of bad 
visibility to the total number of observations for the year as a whole with winds 
from each of the 16 points of the compass i> plotted 111 F uj t. 

The prevailing winds at Bangalore at 8 hrs are from the W and E quadrants, 
winds from the other quadrants being rate Wind dneetions lie almost wholly 
in the W quadrant 111 the southwest ioon-onn mmmhi and are to .1 gie.it extent in the 
E quadrant 111 the cold season In othci reasons then* is a tendency for tin 1 wind 
directions to crowd around the above two quadrant" 

A study of the velocity of the vv inds from 1 1 n lifn rent dneetions 111 the different 
months showed that winds from the \V <jiiinl..mf in the monmon mouths are gene 
rally associated with liigh velocities and that \m A winds have a tendency to high 
velocities even m other months Wind" fiom tin* K qiiadi.iiil which generally 
prevail m the cold season art 1 less pronouncedly assoented with high velocities. 
In the remaining quadrants high velocities are less common and winds from these 
quadrants are mainly prevalent m the other svenim 

Taking the year as a whole, (he ficqiien* v of bad visibility with 
westerly winds is 8 per 1 cut But it is foetid ih.u 25 out ol the 73 
observations of bad visibility have oceuind in Van h , if we 01111I these, the fre- 
quency will be reduced to 5 per rent r l he high* 1 v elo< itv of the smlace winds, 
and the fact that they mainly oe< ur m th« raim months when much dust cannot 
be raised from the ground probably explain ihe low fiequency 

Easterly winds are most prevalent in tin months October to March and arc 
practically .absent from May to September Tin* high percentage of bad visibility 

♦This case occurred on 2nd July I*MO with squall' uc.it lit r .md oven nsl, skies, the visibility being 
4 at 8 hrs. The visibility at 8 hrs on tho previous day was also 1 and the average wind velocity wan 
high during the previous 48 hours. 
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with these winds seems therefore to lie mainlv due to their seasonal distribution 
as the cold season luis more occasions of morning mist 01 fog. 

n C 

Taking the year as a whole tic* frequency of bad visibility is a maximum, 21 
per cent , w h southeilv winds , but i!l out of tin* do observations have occurred in 
March If we exclude this month, the frequency is reduced to 8 per cent. 

The frequency of bail visibility with noitherU winds, which are least frequent 
at Bangalore, is low, in spite of the fa« t (bat tliese winds ocoui mostly in the winter 
months This seems to mdi(<itc that dining the inclusion of cold winds from the 
north no dust or haze is allowed to icmain over tlio cit-v 

The frequency of bad visibil-l v is Ini'll m the month of March irrespective of the 
direction of the wind , the explanation fui this piobubly lies m the fact t ha t the 
variable and comparatively liglil winds in this mouth <lo not carry away the atmos- 
pheric jjollution over Uangaloie 

(4) Bad visibility and Cunulus or Cumulo-Nimbus cloud - -Table 7 gives 
the percentage frequency distribution of bad visibility in the presence and m the 
absence ot either of t lie abov e eloia's at «s, 1J and H» lus for the four seasons of the 
year. It is seen that at each of the houis, bad visibility is less frequent on days 
with such clouds than on other days 

This appears to be m agieemcnt with the results of Wadsworth at Malta 12 
and of Pick at Cramvell 13 \s pointed out bv the lattei , tlie presence of the above 
clouds is a visible sign of convection eui rents, whn Ii lielp to improve visibility by 
diluting the dust particles and othci suspended linpuiilies in the lower air. 

In conclusion, 1 wish to ex pi css inv thanks to Mr (’. Sesha<*har for allow ing me 
the free use of t lie obseivatoiy ret unis, to Piof A \ TVLuig for his encouraging 
help, and to the oJliccrs of the Meteorological Department, Poona for valuable 
criticisms. 
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Table 1. 

Distribution of visibility observations at 8, 10, 12 and 16 hrs. at Bangalore for 1930 

and 1931. 


Months 

Hours 

0 

1 

o 

3 

4 

5 

6 

1 

8 

9 

Total 

January 

8 

. 


o 

3 

28 

18 

■ 

1 

1 


62 


10 . 

. 



• . 

1 

12 

39 

8 

2 

•• 

62 


12 






3 

39 

14 

6 


62 


16 





• 

31 

26 

5 


•• 

62 

February 

8 



1 


18 

25 

■ 

■ 

. 

. . 

56 


10 





1 

20 

24 

9 

2 

• • 

56 


12 






6 

26 

24 

1 

• • 

56 


16 

• 




■ 

26 

22 

5 

• 

•• 

56 

March 

8 




9 

39 

11 


1 

. . 

. . 

62 


10 

. . 


. . 


17 

26 

18 

1 

• 

• • 

62 


12 



. . 

. 

11 

14 

17 

18 

2 

• • 

62 


16 

•• 

■ 

•• 

•• 

1 

44 

16 

1 

• 

•• 

62 

April 

8 

, . 

. . 

. . 

1 

9 

27 

14 

7 


. . 

60 


10 

. . 

. . 


. . 

6 

8 

22 

19 


1 



12 

. . 

. . 

. . 

• 

2 

4 

31 

17 


■ 



16 

•• 

•• 

• 


2 

7 

34 

12 

1 

■ 

60 

May 

8 

.. 

.. 

.. 

.. 

3 

28 

14 

10 

■ 

. . 

62 

• 

10 

. . 

. . 

. . 

. . 

3 

8 

27 

13 

8 

3 

62 


12 

. . 

. . 

. . 

1 

. 

3 

20 

17 

15 

6 

62 


16 

•• 

•• 

•• 

• • 

8 

22 

20 

11 

1 

•• 

62 

June 

8 




2 

2 

14 

18 

14 

10 

■ 

60 


10 





2 

12 

15 

14 

13 

1 

60 


12 


. . 

. 

. 

3 

3 

13 

20 

18 

3 

60 


16 

•• 


• 

•• 

14 

13 

17 

13 

■ 

• • 

60 
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Table I — contd. 

Distribution of visibility observations at 8,10, 12 and 16 hrs. at Bangalore for 1930 and 

1031 — contd. 



MlODGojrOu. 
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Table 2. 

The relation between bad, fair and qood visibility observations and the hour of the day m 

the dijferent months of the year. 


Months 

Total 
no of 
ohm i va 
tions 

Tvi»‘ 

Percentage frequencies at — 


10 

12 

| 

All 

hours 

combined. 

January . 

<>2 

Had 

33 




14 



Fair 

11 

82 

68 


71 



(iood 

3 

10 

32 


15 

February 

«>6 

Bail 

33 

o 



10 



Fan 

%l>2 

78 

54 

86 

70 



Good 

r> 

20 

46 

0 

20 

Cold reason 

ISO 

li.nl 

do 

2 

0 

o 

10 



Fair 

59 

■pi 

54 

85 

68 



Good 

6 

D 

16 

13 

22 

March 

■ 

Bad 

77 


8 

2 

29 



Fair 

21 

71 

60 

06 

62 


■ 

Good 

2 

2 

32 

2 

9 

April 

00 

Bad 

17 

It) 

3 

3 

8 



Fair 

6S 

50 

58 

68 

61 



Good 

15 

40 

30 

20 

31 

May 

62 

Bad 

5 

5 

o 

13 

6 



Fair 

67 

56 

37 

67 

57 



Good 

28 

30 

61 

20 

37 

Hot season 

184 

Bad 

33 

14 

8 

6 

15 



Fair 

52 

59 

48 

78 

60 



Good 

15 

27 

44 

16 

25 
























































a i'MOSrHKRio viarfiiunf at bakgalore, 


151 


Table 2 — contd. 

The relation between bad, fair and good visibility observations and the hour of the day in 

the different months of the year — contd. 


Percentage frequencies at — 


Months. 

Total 
no. of 
observa- 
tions. 

Type. 

8 

10 

12 

16 

All 

houis 

combined 

Juno 

00 

Bad 

. 

mm 

3 

5 

23 

9 



Fair 


I 

45 

26 

50 

43 



Good 


■3 

52 

69 

27 

48 

July 

62 

Bad 

• 

16 

3 

2 

5 

6 



Fair 

• . 

73 

63 

45 

82 

65 



Good 


10 

34 

53 

13 

29 

August 

62 

Bad 


10 




3 



Fair 


69 

63 

48 

92 

68 



Good 


21 

37 

52 

8 

29 

September 

00 

u 


8 

2 

3 

11 

0 




1 

55 

26 

29 

71 

45 



Good 


37 

72 

68 

18 

49 

S W Monsoon season 

244 

Bad 

•• 

10 

2 

2 

10 

6 



Fair 


61 

50 

37 

74 

66 



Good 


26 

48 

61 

16 

38 

October . . 

62 

Bad 


16 

5 


3 

6 



Fair 


63 

45 

22 

05 

41 



Good 


21 

50 

78 

32 

53 

November 

60 

Bad 


15 

3 

5 

7 

7 



Fair 


65 

47 

38 

58 

52 



Good 


20 

50 

57 

35 

41 

NE Monsoon season 

122 

Bad 


16 

■i 

2 

5 

7 



Fair 


64 


31 

61 

50 



Good 


20 

I 

07 

34 

43 

Itooember 

62 

Bad 


18 

3 

2 

2 

6 



Fair 


74 

66 

38 

75 

63 



Good 


8 

31 

60 

1 

23 

31 

Year 

730 

Bad 

• ■ 

23 

6 

3 

6 

9 



Fair 

• • 

68 

57 

43 

76 

54 



Good 

• • 

10 

87 

54 

1 

18 

87 
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Table 3. 

Monthly frequencies of Jog, mist, tain, drizzle and haze at 8, 10, 12 and 16 hrs. for 1920 

and 1931. 
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Table 4. 

Seasonal variation of frequency of bad visibility with humidity at 8, 10 and 16 hrs. 


Season 

Huiniditv (%) 


i 

7 

T 

9 

| 

<25 

| 

_ 

| 

o 

T 

s 

i 

8 

i 

Hours. 



i 


i 

s 

-t* 

*■4 


1-4 

00 

S 


('old season 

Total 



i 

i 

3 

4 

21 

58 


14 



% of bad 



0 

0 

0 

25 

20 

33 


50 


iot season 

Total 




6 

11 

16 

61 

66 

18 

3 



° t) of bad 




50 

55 

69 

31 

23 

17 

33 


.S\\ Monsoon reason 

Total 






o 

3 

87 

133 

19 

8 


% of bad 






50 

0 

1 

11 

47 


NK Monsoon season 

Total 





o 

1 

3 

38 

66 

12 



°o of bad 





50 

0 

0 

3 

14 

67 


Year 

Total 



B 

7 

16 

23 

91 

249 

294 

48 



1 o oft bad 



»l 

13 

11 

1 r > 7 

31 

14 

19 

52 


Cold reason 

Total 


t 

9 

15 

30 

■ 

m 


■V 

2 



of bail 


0 

0 

0 

3 

1 

B 

H 

0 

50 


Hot season 

Total 


5 

14 

20 

58 

63 

15 

B 

E 

1 



°o of bad 


0 

36 

ga 

16 

6 

0 

0 

67 

100 


S\V Monsoon season 

Total 




■ 

3 

45 

111 

73 

11 

1 

10 


°o of bad 





0 

o 

0 

4 

9 

0 


NK Monsoon season 

Total 





6 

19 

12 


fa 

3 



°o of bad 




0 

17 

0 

n 





Year 

Total 


9 

123 

38 

106 

180 

201 

128 


11 



°„ of Imd 


0 

22 

15 

10 

3 

0 

1 

B 

B 

1 

Cold season 

Total 

2 

wn 

H 

30 

11 

13 

15 

6 

3 

2 



° u of bad 

0 

n 

I 

0 

0 

0 

0 

0 

0 

0 


Hot season 

Total 

1 

35 

83 

31 

16 

7 

3 

2 

3 

B 



°o of bad 

0 

3 

0 

12 

13 

14 

0 

50 

67 

B 


fc>\V Monsoon season 

Total 




20 

90 

60 

35 

18 

19 

2 

16 


% of lwitl 




15 

8 

5 

■a 

11 

m 

50 


NE Monsoon season 

Total 




10 

27 

32 

20 

15 

u 

K 



% of bad 

. 



0 

0 

0 

0 

0 

18 

B 


Year 

Total 

3 

58 

128 

91 

174 

112 

73 

41 

36 

11 



% of bad 

0 

.) 

1 

7 

5 

4 

3 

7 

28 

55 
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Table 5. 

Frequence s of bad visibility for different velocities of surface wind at 8 hr*, in the 

different seasons. 


Cold Hot SW Mon- NE Mon- 

sea non, season. soon season soon season. Year 



Calm 13 02 17 29 0 0 5 20 41 34 

1—3 . . 140 28 201 25 37 H 95 17 473 23 

6—10 . . 239 16 227 16 269 6 177 3 932 10 

11 -15 .. .16 2 37 0 203 2 132 1 318 2 


16—20 .. .. 7 0 16 0 91 2 1 0 116 2 

Over 20 .. .. 0 0 11 10 0 . 11 10 
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Table 6. 

Frequency of wind direction* with the corresponding frequencies of bad visibility 

at 8 hrs. 


— 

>, 

u 

* 

§ 

a 

>s 

February 

March 

April 

5* 

3 

June 

July. 

V 

& 

0 

< 

September 

October 

November 

December. 

Year. 

NW 

•• 

• 


1 

1 

1 

2 

B 

1 

• 

1 

5 

B 

1 


20 





0 

0 

0 

/ 


1 


0 

1 

i 

/ 

. 

2 

NNW 

•• 

•• 

• 

1 

1 



H 

1 





2 


8 





0 

0 

. 


m 

• 


. 



0 


O 

N .. 

•• 

•• 
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X.B . — Figures m Roman type represent the frequency of wind direction, figure* in bold Italics 
the frequency of bad visibility. 
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Table 6 — contd. 

Frequency of wind, directions with the correspo tiding frequencies of had visibility 

at 8 hrs — contd. 


— 

January 

February 

i 

JQ 

£ 

April 

$■ 

3 

o 

a 

9 

July 

August 

September 

October 

November 

December. 

Year. 

NE 

2 

n 

9 

9 

1 




B 

2 

M 

1 

38 


P 

7 

2 

l 

0 

0 

j 



B 

7 

|f#I 

B 

5 

SNF 

B 

o 

12 

r» 





1 

1 

H 

B 

21 


fl 

0 

6 

0 
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0 

H 
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2 

12 
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B 
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0 
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0 
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35 

64 

i 
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22 

22 

1 

1 
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0 

0 

70 

2 

7 

3 

B 

2 

7 

3 

7 

7 

23 

w 

i 
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15 

32 
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58 

65 

59 
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• 
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70 

0 

7 
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2 

3 

D 
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1 

i 

2 

17 
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13 

8 
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B 
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• 
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H 
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FwB . — Figures in Roman type represent tho frequency of wind direction ; figures inbo'd Italics, 
the frequency of bad visibility. 
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Table 7. 

Relation between visibility and Cumulus or Cumulo-Nimbus clouds in the different 

seasons and at difftrent hrs. 



Davs with convection 
clouds 

Days without convection 
clouds* 

Seasons. 

Total No of ob- 
servations 

11 

■si 

•*2 

°o frequency of 
bad visibility 

Total No of ob- 
servations 

No of occasions 
of bad visibility 

% frequency of 
bad visibility. 

Hours. 

Cold 

58 

16 

27 

122 

47 

39 


Hot 

58 

11 

19 

126 

50 

40 


SW Monsoon 

143 

11 

8 

101 

13 

13 

8 

NE Monsoon 

51 

7 

14 

71 

12 

17 


Year 

310 

45 

15 

420 

122 

29 


Cold 

67 

0 

0 

113 

1 

1 


Hot 

80 

o 

3 

104 

12 

12 


SW Monsoon 

207 

5 

o 

37 

1 

3 

12 

NE Monsoon 

98 

3 

■ 

24 

0 

0 


Year 

452 

10 

2 

278 

14 

5 


Cold 

65 

1 

2 

115 

3 

3 


Hot . . • • 

116 

6 

6 

68 

5 

7 


SW Monsoon 

208 

20 

10 

36 

4 

11 

16 

NE Monsoon 

83 

2 

2 

39 

5 

13 


Year 

472 

29 

6 

258 

17 

7 


Cold . • • . • • 

190 

17 

9 

350 


H 


Hot 

254 

19 

8 

298 


1 


SW Monsoon 

558 

36 

8 

174 


1 

All 








hours. 

NE Monsoon 

232 

12 

5 

134 


■ 


Year 

1,234 

84 

7 

956 

153 

16 
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A STATISTICAL STUDY OF THE M AXIMU M TEMPERA T URES AT 

POONA* 

BY 

K. J. Kalamkak, B Sc., 13 Aa , Ph D 
(Ricuriil on JJih Si jilniihir /!)■'!■'} ) 

Abstract This pa pci deals with the anal\ is .»f V.imiiuiiii T« iiijh latuie at Poona fiom 1880 
to 1031 The roeflii lent of \anahi)it\ oft im tn nionthlv maximum 1< mpi ratlin 1 is comparatively 
higher for .Juno and () tohei which an i li.nai ti list d h\ the MtiiiLg in and withdrawal icapectively 
of the southwest monsoon The \dliu" of tin i mu lalion <m flaunts ft i tla neighbouring months 
of a ul u nin and wintei aie high liegies-mn eipi.it ions foi fon tasting tempt latun s foi the h\e se\cn 
day periods ei? , Now in hi i 27 Ihninhti .Ini, Ihidnliti Itli I »« « t in Ik r MMh Dec ember 1 1th — 
December 17th, Dei ember Isth- iHttmihii 24th, anti I let ends r 2.“>th I lettnil.tr 31st are obtained 
from the weekly tempeiat uies of the plot tiling ftmi wteks. 


Temperature lrt one of the impoitant. \\t*alher elemenls eontfollmg the growth 
and yield of crops It may have its influence either dneetlv bv affecting the 
physiological piocess or mdncetlv In the spiead oi inhibit ion of plant diseases or 
by the interaction of both in a vanety of ways 

Forecasts of temperature, especially of heat, and cold waves, would be of great 
use to farmeis in carrying out their farming operations. For instance, an enquiry 
was made by tin* Plant Pathologist to the (jn\ eminent of Bombay icgardmg the 
possibility of forecasting maximum temperature for the month of December in 
Kaira District, as it is the most potent factor in influencing the development of 
Cumrn Mildew. 

It is desirable m the first instance to know how the temperatures at a single 
station are associated in successive periods of time and what degree of interdepend- 
ence underlies them. As a preliminary, the maximum tempeiature at Poona was 
selected for such an investigation The data foi the 52 years fiom 1880 to 1931 
have been used in the present analysis 

The average maximum teinperatuie for the different months for the above 
period of 52 years were first tabulated and the means and the standard deviations 
were worked out therefrom. The results are set out m the Table, below. 


♦The present investigation w r as made m tho Agricultuial Meteorology Branch (India 
Meteorological Department) financed b> the Impel ml Council of Agricultural Kebearch, 

( 133 ) 
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Table I. 

Average Maximum Temperature (Degrees F.) 



Jan. 

Peb. 

March 

April. 

May. 

June 

July. 

Aug. 

Sep. 

Oot. 

Nov. 

Deo. 

Maximum 

Temp. 

86*4 

90-6 

97 3 

101-2 

99 8 

90 0 

82 6 

81 8 

84-6 

89-2 

88-7 

84-8 

Standard 

Deviation. 

1-73 

1 84 

1 86 

2 14 

1-83 

2-70 

1-74 

1-46 

1 90 

2-83 

1-83 

1-98 

Coeff. of 
variability 

2-00 

2-03 

1-91 

2-11 

1-83 

3-00 

2 11 

1-78 

2 24 

3-17 

2-11 

2-33 


It will be observed from the above Table that there are two maxima, one in the 
month of April and the other in the month of October, that m April being higher. 
The lowest values are found, not in the winter months, but m the months of July, 
August and September, when the monsoon is most active and skies are heavily 
clouded. The coefficient of variability is highest for the months of June and 
October , the former is the month in winch the monsoon usually sets in and the 
latter the month of its withdrawal, and the variations in the dates of settmg in and 
withdrawal of the monsoon probably explain the high variability. 

The average maximum temperatures for the different months over the period 
of 52 years were plotted with a view to detect the presence of any secular trend. 
The graphs showed in general the absence of any secular trend except perhaps for 
the months of January and February, which were then subjected to a statistical 
analysis by fitting a polynomial of the fifth degreef 1 ). The analysis showed the 
absence of any long time trends as judged by the comparison of the values of x’s 
with their standard deviation. 


Table II. 


Secular trends in the values of maximum temperature for the months of January and 

February. 


January. 

February. 



1-175 

tf'i 

—2 449 

^ . • • . 

—0 064 


0 183 

sT | • . 

0-573 

S'. 

0-621 

rf | •• . . 

0-283 

3*5 

—0-233 


—0-097 

■ ■ . . 

—0-032 

8. Da a a 

1-82 

S. D. . . a . 

2-01 
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An attempt was next made to study how the maximum temperature in any 
one month is related to that m the other months. In addition to the correlations 
between the month of the same year, correlations were worked out between 
September, October, November and December of one year and January, February 
March and April of the succeeding yeai. Til*,* values of tile correlation coefficients 
for tin* different months are given in i able III below. 


Table III. 


Correlations between successive months. 



Feb. .. .. *45 

March.. .. *54 -40 

April .. . -25 -35 

May . -34 -31 

June .. -09 -10 

July . . -12 18 

Aug. .. — -00 -10 

Sep. .. .. — 07 -03 

Oct. .. .. — 06 -00 

Nov. .. .. — 06 -00 

Deo. *19 — -04 

Jan. 

Feb. 

March . . 


•40 

•25 -35 


09 

•03 

•40 



04 

•03 

•16 

•29 


25 

•00 

— 09 

— 14 

•14 

10 

— 04 

•00 

-08 

•18 

-12 

— 12 

—05 

•00 

•07 

■02 

— 22 

— 01 

•17 

•21 

-22 

— 02 

•08 

•04 

•02 


•10 

•03 -51 

•03 -57 -91 

•00 - 42 - 61 -85 

•23 -51 -58 -51 

•29 - 33 -27 

.55 -27 


April 


•17 
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According to Fisher’s Table V (A) m ( 2 ) the values of the correlation coefficients 
for 5 and 1 per cent level of significance for 50 degrees of freedom are -27 and -?5 
respectively. It will be observed that out of the 70 correlations 24 exceed the 
5 per cent point. The values of the correlation coefficients between the successive 
months are significant except m the monsoon months June to September. Using 
Walker’s criteria e\l ended bv Savur and Cl opal Rao, ( 3 ) however, the 5 per cent, chance 
highest value of ‘ ) ' in a group of 70 correlations is 48 On this criterion even the 
fairly high coi relation coefficients between successive months January to May are 
not significant Significant correlations arc found in the months September to 
December between successive months as well as between one month and the 
second or third succeeding month. This indicates that the winter months are 
strongly correlated with each other The explanation for tins is probably to be 
sought m the calm clear days of Poona winter i ontributing, so to say, to a summa- 
tion process or ‘ carry over' A pielinnnary analysis of the maximum tempe- 
ratures at a few other stations m India which is m hand shows interesting relations 
between the pounds of high inter-monthly correlation coefficients and the 
seasonal change in weather 

The high correlations of the winter months, October to December suggested 
an extension of the investigation to smaller penods of tune, as a forecast of mean 
maximum temperature of such a long period as a month will not be of practical 
utility to farmers It. is not possible on the other hand to make the period very 
small and attempt a foiecast of the day to du\ vanations of temperature. The 
choice lay between the ii\e dav pound which tin* India Meteorological Department 
has adopted for their short period noimals of temperature and the week wdueh has 
been recommended bv Kn Napiei Shaw ( 4 ; ini Agiicultuial Meteorology. The 
latter w T as chosen and a detailed analysis of the November and December maximum 
temperatuies attempted with a view to forecast the tempoiatures m the successive 
w T eeks of December fiom those ol the preceding weeks. The seven day periods 
suggested by Sn Napier Shaw, October 30 -November 5th, November tith, — 12th, 
etc., to December 25th-- 31st, were adopted fm the purpose, and they are denoted 
here as X v A\>, A r 3 , A' 4 , V ^ Y v and }’ r> The moan weekly maximum 

temperature totals for the vauous weeks with tiieir standard errors are set out in 

Table IV. 


Tablk IV. 


Penod 

Mean weekly 
Max Temp 
Total 

S D 

Penod 

Mean weekly 
Max Temp. 
Total 

S. D. 

*1 .. 

618 6 

10 63 


694-8 

19-08 

X, .. 

610 8 

20 62 

Y, 

696 2 

18-00 

X, . 

607 5 

20 92 

y. ■ 

693-1 

18-33 

x 4 .. 

600 8 

19-34 

y * 

692-7 

16*66 

Yi. .. 

691 8 

19 08 

^5 ‘ ’ 

693-2 

17*33 
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The departures from the means for the different weeks were then plotted for 
the 52 years under consideration with a view to study any apparent trend in the 
departures. The examination of the graph showed that there was no trend except 
perhaps for the values of Y 2 , and it was decided to test this statistically, and so 
the polynomial of the fifth degree was fitted to it ( 1 ). The results of the analysis 
are given in Table V. 

Table V. 


Seaulur trend in the 



S.D. = 


values of Y 2 . 

18-931 

-4-884 

7-049 

•428 

—1-521 


18-7 


Due to 

D. F. 

Sum of squares. 

Mean square. 

Polynomial fitting 

5 

434-4 

86-88 

Residual 

46 

16090-1 

349-78 

Total 

•51 

16524-5 

324-01 


The analysis shows that there is no trend in the values of y«, the mean square 
due to poh nomial fitting bemg smaller than the mean square due to the residual. 

The correlations between the different periods were then worked out and are 
given in Table VI. 

Tabie VI. 

Correlation coefficients between the seven day ‘periods of November and December 

months. 



Xi 

X,. 

X,. 

x 4 . 

Yi- 

Y,. 

Y.. 

y 4 . 

Y.. 

X, 



•73 









X. 



•70 

•65 








X t 



•48 

•44 

•58 







Tl 



•50 

•50 

•57 

•70 






y. 



•39 

•41 

•45 

•49 

•66 





r. 

• • 


•36 

-32 

•52 

•36 

•41 

•59 




x. 

• • 


•38 

•43 

-48 

•29 

•47 

•48 

•42 



Y. 

• • 


•45 

•40 

•37 

•12 

•36 

•55 

•37 

•53 
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On Walkers’ criteria as extended, by Dr. Savur the 5 per cent, chance highest 
value of * r ’ in a group of 3<» correlations is *45. It is found that in the above 
table there are 19 coefficients winch exceed this value. 

The highest coefficients between any November week and a Decembei week 
is only -70, which is lower than the coefficient of -85 between the two months. 
Even the highest coefficient between successive weeks is lower than this figure. 

The existence of the high values of the correlation coefficients indicate the 
possibility of forecasting the temperatures for the various periods. The forecasting 
of temperature ior any period m this paper is based on the four periods previous 
to it, e.g., Fj is forecasted from X lt X a , X 3 , and X t . etc. 

Significance of the regression function is tested by the “ z ” test of Fisher by 
analysing the total sum of squares of deviations with 51 degrees of freedom into the 
two components, (i) the sum of squares due to regression with 4 D F. and (u) the 
anm of squares due to the deviations from the regression function with 47 D. F., 
the latter serving as a basis for the random errors. “ z ” is half the natural log. 
of the ratio of the two mean squares. 

The results of the analysis of variance are set out in Table 77/ below. 

Table VII. 




Sum of 

Mean 

4 log. 1/100 

Due to 

D. F. 

squares 

square. 

mean square. 

For 7i . . Regression 

■ 

10,147 82 

2,536-955 

1-61678 

Deviations from legression 

47 

8,420-37 

179-156 

•29154 

Total 

51 

18,568-19 

364 078 

z== 1-32524 

For 7, . . Regression 

4 

7,473 51 

1,868-377 

1*46384 

Deviations for regrchsiou • . 

47 

9,051-04 

192-575 

-32763 

Total 

51 

16,534 55 

324 010 

z= 1 13621 

For Y , . . Regression 

4 

7,654-33 

1,888 582 

1-46925 

Deviations from regression 

47 

9,578-00 

203-788 

•35597 

Total 

51 

17,132 39 

335-929 

z= 1-11328 

For 7 4 .. Regression .. 

4 

4,312-93 

1,078-234 

1-18903 

Deviations from regression 

47 

9,840 07 

209-363 

-36943 

Total 

51 

14,152-75 

277-509 

z= 0-81060 

For F § . . Regression 

4 

6,206-21 

1,561-552 

1-37091 

Deviations from regression 

47 

9,120-46 

194-052 

•33147 

Total 

51 

15,326-67 

300-630 

z— 1*03944 
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It will be observed from the values of “ z 99 that the mean squares ascribable 
to the regression function are significantly greater than the mean square of deviations 
from the regression function. The values of “ z 99 obtained exceed even the 1 per cent, 
point. 

Another way of testing the significance of the regression function is to test 
the significance of the values of * multiple correlation coefficients. The value 
of the multiple correlation coefficient is obtained by the simple relation, 

of squares conti lbutod b\ the regression function 
Total hum of squares of deviations. 

The values of R for the live periods Y v Y 2 , Y a , Y i and Y s are *739, * 672 , 
•664, -552 and • <>33 respectively The significance of these values can then be 
tested by the tables given bv Dr Wisliart ( 5 ) The values of the multiple corre- 
lation coefficients an* all significant, indicating thereby the possibility of forecasting 
the temperature of the different weeks of December from the preceding four 
weeks. 


The regression equations obtained .ire — 

(1) Fj = 95 b -033 + • 143.Y a -b 114 A', + -536 X t 

(2) F 2 - 187 b -<>58 X.. -b -066 X, - -017 X i 4- -542 F t . 

(3) V„ = 166 + • 325 X.— -019 X 4 - • 132 Y t b -534 y 2 

(4) }', - 259 - • 098 X t 1 -297 4- -174 F 2 4- -190 Y 3 . 

(5) y B --- 17 i - -102 \\ | -442 Y 2 - -014 F 3 -f -385 Y 4 . 

By using the above regression equations the forecasted values of the five periods 
Y v r 2 , Y s , F 4 and F 3 have been calculated. These are shown, along with the 
observed values, m Plates J and 7/. 

In conclusion, I wish to express my thanks to Dr. L A Ramdas for hn» 
valuable criticisms m the preparation of this paper. 
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ON FORECASTING WEATHER OVER NORTHEAST BALUCHISTAN DURING 
THE MONSOON MONTHS JULY AND AUGUST 

BY 

A K. Roy, B A , B Sc , and R. 0. Bhattapharya, M Sc. 

(Rvrrncd nn 13th ( )( tnhrr 1033) 

Summary- The diilcn ncc 1 m t w c< n b.uumcti i< picssun s ,it 0700 his local time at Ivlianpur 
(in the Houtli Punjab) and Rawalpindi (mi tin* nnitli Puni.tb) is a useful factni m pmlicting 
weather ovei noitlnast I».du< histan dniuiLf tin two months ,lul\ and August V statistical 
examination of data fni five \e«us ( liW>) <onhims tin belief that the da\ s on whieli the 
presHiiie dilTeicnoe ( khan pin minus Raw.ilpuuh i is iio«m1 in « ai^mualh associated with did m bod 
weather, and the da\swith po-itm dilhoiiM .lie Inn It is found that a foieeant. 

based on thin single c i iti non would 1 < « om c t on about (>*1 p< l « « nt da\s The results aie e\- 
tiemeh slnkim* when tin dii\«uith laiLii' m ■j.ifixe and pu-itm dillriciiM s aie trtki n into con- 
sideration It is found tb.it out ot .‘>.‘1 d.u- diiiuej th« ,*bo\e pc nod wlun the ditloienoc of 
pressuio at OSOO his L M T on .hi\ d.i\ (i In oi inoie laintall was leiordi d dining the 

next twenty -font Ins c »n as man , as _'.l da\s al oiu « >* mmc of the* h\ e olso \ itoi u s in noitheast 
Baluchistan, while nuasimiblc > .mi im mud onl\ on 1 nit ol "d d.i\s associates! wdh 
h j)Ohiti\editTereii(e amount me to n (»‘> oi above 

Weather over lioitlie.mt Baluchistan dumm Jul\ and Yugiist is laigelv detor- 
mined by the 1 progress of depie.ssions originating in the l».iv of Bengal ami travelling 
through central India In the absence of an adequate wealhei chait extending over 
the whole of northern India, it is not possible lot the Quetta othee alwavs to predict 
in good time the extension of monsoon conditions into Baluchi, st.in Attempts were, 
therefore, made to iind out a method of Ibieiast with the help of available data. 
A clue to such a forecast was a lhnded 1>\ the following 

A graph showing 1 In* dav today variation of Quetta station ie\el piessure («it 
0<()() lira local time) and maximum and minimum temperatures is prepared in the 
Meteorological Office, Quetta \n examination of the above graph during Julv 
and August 1933 showed that the peiiods <iui wlm li piessine at (Quetta was above 
normal were generally associated with unsettled wiather at Quetta and rue rrrsa 
It was further observed that the commencement ot a spell of unsettled weather at 
Quetta was usually accompanied with a use of pre.-smo above its value at 0700 hrs. 
on the previous day, while a fall of pressure during the last- twenty- four hours generally 
indicated an improvement of weather at Quetta, particularly w hen such a fall caused 
the pressure to reach a value lower than the normal 

Tabic A giving the pressure changes mtwentv four hours ending at 0700 hrs. 
and weather remarks and clouds m afternoons on each day (luring July and August 
1933 bears out the above statement, especially (luring the second half of July and the 
first half of August when the monsoon was most active over northeast Baluchistan. 
M23DGOB log 
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Although the pressure changes at Quetta appeared to be of considerable help 
m predicting local weather during July and August, a more useful factor for the 
purpose of forecasting weather over northeast Baluchistan as a whole was required. 
Forecasters, who have weather charts for the whole of northern India to forecast 
from, have for long known that the movement of the trough of low pressure south- 
wards away fiom the llitnala\as is associated with an extension of monsoon winds 
up the Gan get lc plain and, if this pressure change extends to the Punjab, the mon- 
soon winds are likolv to extend towards the northwest frontier, including northeast 
Baluchistan This implies that weather over northeast Baluchistan during July 
and August is dependent upon the pressure gradient over the Punjab, being wet when 
pressure falls from north to south and dry when it foils from south to north. This 
old observation had never been subjected to statistical analysis and therefore led us 
to ail examination of barometric pressuies at 0800 hrs local time at Rawalpindi m 
the north Punjab) and hhanpur (in the south Punjab) oil mdivid 1 ia' days during the 
months of .Inly and August, dining the live yea is 1929 to 193J. For this purpose 
tables were prepared showing the daily differences between pi ess urea at the above 
two stations, and rainfall and weather remarks at five stations m northeast Balu- 
chistan, v ( / , Quetta, (liamun, Kalat, Fort Sandeman and Harnai. A sample of 

those tables has been included as ail Appendix. 

• 

A study of these tables confirmed the existence of a useful relationship between 
tbe diffeience of morning pressures at Kh unpur and Rawalpindi and weather condi- 
tions over northeast Baluchistan on the same day The results appear to be most 
helpful m predicting weather m northeast Baluchistan during the monsoon season, 
as wull be evident from the Table, R below- in w T hich the mam conclusions have been 
summarised 


Table B 


Kh.inpur pre^ure min it* 

Raw al pi mil | »ressure 

-o lr> 
or 

more 

-o in 

to 

- A\ U 

— 0 OB* 
to 

-o oir 

-o or* 

to 

~ -o or 

+o or* 

to 

+0 04' 

+0 05' 
or 

above. 

Total number of days 

12 

*2L 

53 

74 

90 

54 

Numlvr and port nit <urt' of 
d»i\* on win* it weather was 
diktat lad at ono or more of 
tho north-ea^t Hulurhistan 
station^ 

12 

(loo° 0 i 

is 

:i't 

(71%) 

32 

(43%) 

31 

(34%) 

(*%) 

Number and |>ern»iitag<* of 
da> a w lien measurable 

amount of lain was recorded 
at ono or more of tho above 
stations 

12 

17 

(«1%) 


2b 

(33%) 

10 

(31%) 

»%) 

Total amount of rainfall at tho 
hve stations 

13 5* 

18 3* 

17 5' 

14*5* 

11 9* 

leas than 

o-r 

Rainfall per day . . 

mm 

■ 

mm 

0 32' 

■ 

■ 

Ail. 


♦Number of days on which pressure difference was zero have been divided equally under 
these two columns. 
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It will be seen from the above table that rainfall was recorded at one or more 
obsei vatones in northeast Halm Install on 5 1 per cent ol days associated with a nega- 
tive difference between piessuics at Khanpur and Rawalpindi and on as many as 87 
per cent ot da>s when the difference' amounted to —0*10" or more. Measurable 
rain, on the other hand, oeeimed only on 11 per cent of days associated with a posi- 
tive difference Kuither, the chances of rain aie greater, the greater the negative 
difference between pnssurn at Khanpur and Rawalpindi Thus, ram occurred 
on a luindnd pel cent oicaMons when the difference was — ()• 15" or more, and only 
on two per cent occasions when the ditteience v as -| 0-05" or above. Also the 
amount of i, onfall pei d.n is gicatest when the dilleience is — 0*15" or more, and 
decreases aradualh as the ncu.it ive difference becomes less, and is minimum when the 
diffeiener is positive and icaclies a \ aim* gieater than -( 0 01". 



APPENDIX. 

Daily pressures (at 0800 hks. local time) at Rhanpur and Rawalpindi 
RAINPALL AND WEATHER REMARKS (during 24 HOURS ENDING WITH 0800 
HRS Ij. M. T. THE NEXT DAY) AT FIVE STATIONS IN N. E. BALUCHISTAN, 

1929. 
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weather remarks (during 24 hours ending with 0800 hrs. L. M. T the nert dau ) at five 
in N. E. Baluchistan, 11)20. 
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HUMIDITY RECORDS OBTAINED AT AGRA WITH HAIR ELEMENTS 
AND WITH WET AND DRY BULB ELEMENTS IN A DINES’ 

METEOROGRAPH 

BY 

S. P Vlnkiteshwaran 
( Received on 13th March 1933.) 

Sion mat 1 / — The hair humidity records obtained limn the Dines' meteoi ograph accents 
made at Agra are diiseussed The rocoids ol)tame<l with a wet and div bulb Dines 7 
meteoi ograph uie described, and tin* values ot humidit\ obtained horn this compaied 
with the hair humidity values lhe paper incidentally shows also how the temperature 
and the hair humidity tiaces obtained from two meteoi (graphs ^*nt up with the same 
balloon compare 

In one of the Departmental memoirs 1 , while discussing the results of sound- 
ing balloon ascents at Agra during the period July 1921 to March 192S, 
Dr. K R Ramanathan has remarked that the humidity values obtained from 
the Dines’ meteorograph ascents were to be considered to* have only a qualitative 
significance Since that period numerous impro\ements ha\ e been made to the 
meteorograph by Mr <1 (’haterjee, Meteorologist m charge of tin* Upper An 
Ohservaiory, Agra, both to increase the accuracy of the pressure and tempera- 
ture values, as also tin* humidity recorded by the hair No check or coni- 
panson has been made so far of the values obtained, and the present pai er 
describes an attempt in this direction by means of a wet and dry’ bulb Dines’ 
meteorograph 

Before 1929 the humidity pen of the meteorograph was a brass strip sold- 
ered on to the invar of the temperature pen, and the hair was simply wound 
round a hook in the middle of this pen, and another hook in the frame of the 
meteorograph and there was the possibility of the tension being excessive on 
the hair This pen was improved by replacing it by a suitable watch spring 
by means of which it has been possible to have a tension of only a gramme per 
hair. As it is difficult to get Indian hair free from oil 2 , a quantity of suitable 
length was obtained from one of the European hair-cutters at Poona. These 
hairs are kept soaked in ether just before usefor at least 24 hours, and one hair 
is knotted into a loop, then passed through tw’o small rings and looped again. 
The hair is further washed m ether and then hooked on to the frame and the 
humidity pen of the meteorograph. Two calibration marks, one at 0 per cent. 

( 117 ) 
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and the oilier at 100 per cent., were made by keeping the meteorograph in a 
glass jar containing anhydrous calcium chloride for 24 hours, and then for one 
hour m a jar containing water at the bottom and moist blotting paper on the 
sides.* When woikmg out the humidity traces, it w r as assumed that the dis- 
placement of the humidity pen was proportional to the relative humidity t 

The 0 per cent and the 100 per cent marks are made alter completing 
the temperature and picssiirc calibrations It has been the practice to calibrate 
all meteorographs foi temperature and pressuie keeping them immersed in 
pelrol during calibration, and one may be tempted to think that the hair must 
cease to be influenced by changes m the humidity, as it may be getting a coating 
of oil It was tliei cfore examined whether the 0 per cent and 100 per cent, 
mat ks shifted on dipping the instrument with the Imir in petiol, and it was found 
that the hehauour of the hair remained unchanged after being kept in petrol 
for some hours j The belumour of the hair also remained unchanged with time, 
for when the ( alibi atinn marks weie repealed after keeping tin* instruments for 
one week it was found that there was no shift m them It was proposed that 
there might lie sonic shift in ihe lmmidit\ pen when the meteoi ograpli was sub- 
jected to a change m temperntuie oiil t \, wjUioul cliunge in humidity due to tlie 
rclatne expansion belween in\«ir ami brass This was tested by examining the 
calibration marks obtained at the laboratory temperature and at a low’cr tem- 
perature near about 0°C , foi tlie 100 per cent \alue at the low temperature 
the hpmidity chambei was used at about o’C 1 and water sprayed into it. To 
find out whether theie was an\ shift m the 0 per cent value, the instruments 
were plated in a dcsiccntM eontaming strong bill plume acid and kepi m a rcfri- 
geiation chamber at about O' C for 24 hours Then 1 was no measurable shift 
for a change of temperature of nearh ‘lOT in both the 100 per cent, and 0 per 
ctuil traces 

On an examination of the IninndiU records obtained from the ascents made 
at .Agra during tlie wars llKlO-TJ the following conclusions were derived Al- 
most all the records show tluil 1 he hair ceases to function above heights at which 
the pressure is below 02 "> nuns, (it, fibo\e U kins w T liere tin* temperature is 
about LWI'A i foi thin do not show mix \«iiia1iou of humidity abo\e l Ins level 
Tins has been noticed e\en in the recoids obtained fiom the ascents made at 
Agra dining 102.V2S 1 Out of ,i b»1,il number of aboul 1 HO instruments re- 
trieved during tin 1 penod ITIO-TJ in a l cases lmmidity values cither above 
100 per cent or below 0 pel cent weic obtained Humidities xvore below’ 0 per 
rent m 11 m^os and in two i.t rliem \ allies below 10 per cent wen* recorded 
In 6 cases the values exceeded 110 per cent 

After Ihe introduction n| Mi ( Miatcrieo's pen release,* i( his been pos- 
sible to distinguish between the ascending and the descending traces The 
xvater freezing release lias been used in all the ascents, and it is found that the 
pen is m most cases lifted off m the descending trace at a pressure of about 
f»0() nuns On a comparison of the hiimidih records during ascent and des- 
cent, it is found that the two traces are \er\ nearly similar except that the 


“Tt was suggested llial placing the mctemngraple. in a rinsed vessel, over CaCl 2 and 
water mnv nol gi\e Ihe 0 per cent and 100 .per lent maiks correctly It was found 
that by placing the meteorographs n\ci -iiong TI^SO* 11 1 a dc-m atm hetlei 0 percent 
murks could la* obt«uned , by spiavnig water in the chamber instead of simply placing 
the instrument ou*r water a bettei 100 per cent mark could be obtameil 

tRmne expunnciits to test the validitv of this m the case of the Dines' instru- 
ment are being undertaken 

tAU (.he tests mentioned 111 this paragraph have been made using strong 
h 2 so 4 for 0 pec cent, and bv spraying water for tlie 100 per cent mark. 
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trace during descent is displaced laterally to tlie high pressure side by a distance 
equivalent to a change of pressure \urving irom ]a to .10 muis An examination 
of the temperature record shows 1 licit in almost all the traces the temperature 
during the return trace is generally lower than that in the eon espondmg portion 
of the ascending ti ace This is possible due to the l'«ict t licit the aneroids in the 
njetcnroginplc air lil ! ed w'th an* .md that the rate ol tall oi the aishument is 
much greater than tie* late oL ascent, and that the air in the aiieinnl therefoie 
does not attain the lempei .dm e ol* the outside air. and always has a lower tem- 
perature tiian 1 lie sin i minding an and as a consequence the pen is shifted 
towards the high pussim* side which will show itself as a lower tempeiature 
at that level So also in the ra.se ol 1 he huimditx pen, at any point oil tile 
return trace, li the hum n lit \ remains the Mine but the air m the aneroid is 
cooler, which appears to he a tact as indicated b\ the temperature element, 
the humidity truer at this point must he displaced towards the high pressure 
side which is also observed fioin most ok tfic liner* Since the rate ol* descent 
of the instrument is much grealci than the rate of ascent, it is also possible 
that the hair is not able to adjust itsell to the custom condition >, ns much as 
it did dm mg client and as a result, at eon espnndmg ponds on the trace, if 
the liistiiiinciit is falling from a legion ol higher humidity to one of low’d* 
humidity tin* value in the return tuce will in* larger and tun iv/s a The 
above shows th.ir the lenipei atuie and the humiditv values daring descent are 
not as reliable as those durum ascent, and also gives us chics to distinguish 
between the two traces both m tin* temperature and humidity records 

AVitli a v lew to lest how the ban functioned when subjected to the varia- 
tions in lniniiditv accompanied b\ changes in tcinpcialiiie and pressure as in 
an actual sounding, and to test how |\n these values are reliable, the ordinary 
Dnies’ instrument was modified to iceoid 1 lie wcl bulb tenipeiature also m ad- 
dition to tlie hair humiditv and dr\ bulb lemperatnie Tins will he an effec- 
tive jiistrument onlv lill tin* watci in lln* wet hull) 1‘i-ee/es, for when the water 
vs frozen the enpillniv action on which the moistening depends, ceases alto 
getlier From the soundings made with these instruments a i> lound that 
file height at winch the wH bulb ailu.illv fnv/rs k easilv del ei minci l, as describ- 
ed in tlie following pages Tin* humiditv < alibi at urn narks ip *hose experi- 
ments were made according to the old practuc, n hv « i . i*» fWt’Ij for 0 per 
cent and water for IDO p» r ceni 

The wet mid dr\ hull) mcfeoiogiaph was roust i uett*d hv adding an extra 
1 oin pc ratun 1 element in tin* svsleni /V; / shows tin* details ->£ the Icmpein- 

ture (‘lenient" The gml A IS (' I) is nt invar ol vvli'eh l /> forms 111** component 
for the div pen, and F D that tor tin* wcl pen K F (1 H are of hard drawn 
bi.iss sheet 0 010" thick and bent into a V ahmg its length to give il sufficient 
ngiditv The liue»es 1/, \ for tie* woj and drv pen respective! v’ an* as usual 
pieces of watch spi iipj II is I he li«i i r hv gi ometer pen fixed on to lln* invar 
piece and one end ul tin* ban is liv'd on in the small hook shown in the mid- 
dle ot the pen Tin* "temp l\ kri ps lln* u*id i iir u I and also enables the grid 
t»» be fixed <*ii to tin* frame ol the meteorograph 11 i> also supported at its 
lower end to tin* frame .it N f Ftq 2* One* thickness of camhrie was .stitched 
on to tin 1 brass strip (HI of tin* wet bulb clement , two small reservoirs for 
water weic fixed on tn the meteoiograph ( Fnj '2) and a imislm thread starting 
from the upper msirvmr was wound lound tie* brass portion of the wet Imlb 
element and tinallv dipped in the wafer in the lower reservoir this served 
to keep this element always moist With these instruments therefore, the wet 
hull) temperature tin* drv luilh temperature and the humidity with the hair 
were recorded on the same trraplnted plate* As no successful attempts had 

•Rome attempts won* mailt* in 1927, when two independent instruments w T ere sent 
attached to the "nine balloon One of them was conveited to record onlv the w T c*t bulb 
temperature, and no definite conclusions could he derived from them, as only one instru- 
ment with a fair trace w r as received 
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been made so far to compare the accuracy of the temperature recorded by these 
meteorographs, one ordinary Dines’ instrument and a wet and dry bulb meteo- 
rograph were sent up with the same balloon Fuj 3 (a) is an enlargement 
(about 5 times) of the record obtained with the wet and dry bulb meteoro- 
graph from an ascent made on 14th July 1032 The lowest trace is due to 
the dry pen, the middle one to the wet pen. and the top one due to the hair 
Fig. 3(b) is the trace obtained with the ordinary meteorograph with a “ double 
temperature ” 4 element which was sent up along with the above instrument. 

The values of humidity obtained from the hair as also the wet and dry 
bulb temperatures for three ascents are given below. In Tables I (a) and I (6) 
values of temperatures and humidities obtained from an ordinary Dines’ meteo 
rograph and a wet and dry bulb meteorograph which were sent together are 
tabulated I able I (c) gives the values obtained with a w r et and dry bulb meteo- 
rograph sent alone. 


Table f fa). 


( Ascent on 13tli July 1932) 


Pressure in mmi. j 

Dry bulb temperature 

W et 
bulb 
temper- 
fit uie 

Humidity °/ c 

, from hair 

Humidity % from Wet and Dry 
bulb 

Wet and dry bulb 
instrument 

I. 

Ordinary- Dines' 
instrument 

IT 

Wet anti dry bulb 
instrument. 

Ordinary Dines' 
instrument 

Ascend- 

ing 

Descend- 

ing 

Ascend- 

ing 

Desc end- 
ing 

Ascend- 

ing 

■ 

Ascend- 

ing 

B 

700 

305-5 


306 7 

. 


51 


53 

1 

1 

660 

300-3 

• 

300 4 


295 O 

58 


62 


64 

600 

293-2 

•• 

293 7 


291 5 

75 


81 


86 

560 

288-3 

• 

288 6 

• 

286 5 

90 


93 


84 

600 

284-6 

• 

284 4 

■ 

282 1 

83 


88 

82 

76 

460 

280-2 

•• 

279-7 


277 0 

81 

75 

80 

85 

68 

400 

275 0 


274 7 

274-1 

272-7 

78 

63 

73 

83 

73 

350 

269-6 


269-7 

268-4 

266 5 

74 

58 

68 

72 

54 
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Table I (b) 

(Ascent on lith July 1933.) 



Dry bulb tomperatuie 


Humidit\ °q 

, from hair 

oft 














l 





1 




Wet and dry bulb 
instrument 

Ordinan Dines' 
nistiument * 

Wet 

bulb 

W T ot and dr\ bulb 
nistiument 

Oidinary Dines 1 
instrument 

£ 

8 

o 

s 





temper- 





St- 

8 

c 

t 

3 

V 

t 

Arc end- 
ing 

Descend 

mg 

\si end- 
ing 

Dose end- 
ing 

at me 

\m end- 
ing 

1 )est end - 
mg 

A sc end 
mg 

Descend- 

mg 

Humidity °„ 
Dry bulb 

700 

305 8 


305 4 

303 0 


52 


03 

60 

. 

650 

200 5 


200 5 

208 1 

204 6 

50 


73 

75 

00 

600 

203 2 


203 5 

2‘»_> 

201 3 

78 

71 

00 


85 

550 

288 0 


288 1 

287 0 

287 3 

05 

07 

10J 

04 

01 

500 

284 3 

283 0 

203 5 

283 3 

283 8 

04 

SO 

00 ^ 

102 

00 

450 

280 8 

277 0 

281 2 

280 5 

278 8 

82 

SO 

88 

74 

81 

400 

274 8 

272 7 

275 3 

274 0 

273 5 

77 

7 1 

01 

81 

St 

350 

270 4 

207 0 

271 0 

208 7 

208 0 

55 


72 

75 

00 


* Tim pen release has not functioned hero , it haw been assumed that the tempeiature is Jess 
during descent than that during ascent 

T \U1.E 1 (c) 

(Asrrnf on 01 h May / 0 'll! i 



Div bulb tempera tun 


Humidity from linir 

Humidity 

from 

W et and 

Di v bulb. 

Pressuie in 
mins 

AHCcnding 

Dos* ending 

Wet hulb 
temporatuie 

Ascending 

Desi ending 

700 

300 0 


201 8 

25 


25 

650 

300 5 


*287 7 

25 


25 

600 

204 5 


284 0 

28 


30 

550 

287 0 

285 5 

280 0 

33 


41 

500 

280 3 

270 0 

275 3 

45 

50 

10 

450 

274 2 

274 0 

200 7 

57 

60 

15 


The instruments in all cases had a rate of ascent greater than 3 metres per 
second" and the values of humidity v ere calculated 1mm the wot and dry hull) 
temperatures in the ascending trace These values have been corrected for pres- 
sure. 
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It was found in all the reeouls obtained that there was a sharp kink as at 
.1 ( F\y. Xa , Fuj. 1c slums -I much enlarged) on the ascending trace of the 
wet bulb record due to the sudden in 4iim of the water on the wet bulb element.* 
The wet and div bulb temperatures at which the water froze as also the tempera- 
ture attained by the wet bulb just alter the solidification of the water, arc* goon 
below’ for a lew instruments 

Table II 




Dry hull) temj) 

Wet bulb temp 

Wet bulb temp 

Instrument No 

Dale 

u hen w atei 

just before 

just after free/- 



frei /es 

freezing of wattr 

ing of water 

7<» 

13th. Julv 1932 

-3 2 C 

—ft 5 C 

0 3°C 

30 





150 

14th. Tilly 1932 

—2 0 0 

--3 0 C 

0 5°C 

30 





100 

9th May 1932 

— 0-8'U 

—7 0 V 

O 2 C 

30 





27 

18th Oct obi i 1927 

0 U C 

■3 3‘0 

2 0T 

27 






From the nature of the kink it appears that the formation of the ice was 
not {gradual but sudden On the other hand the return trace shows m some of 
the instruments the effect of tin* melting process and the two traces separate out, 
showing even at first sight an .ibnoi m«illy lower wet bulb temperature than can 
be reasonably expected In ealculal im the humidity, \ allies of wet bulb were 
picked from the ascending trace only up to 1 lie freezing point 

Tables I (a) lib) and / (ci show fair agreement between the \alues 
of humidity obtained from the hair during ascent and Jrom the wet and dry bulb 
elements , and the difference between the humidity \nlues as obtained from the 
hair and the wet and dry bulb teinperatuics luixe exceeded 10 per cent only m 
f> eases But the tables show that the humidities obtained from the hair are 
sometimes uniformly higher than those ealeiilnted from the wet and div bulb 
values w Inch must be the result of the 100 per eent and 0 per eenl ealibiatmn 
marks made with water and ^ *«it '1 hems* not aeeurate ('aleiuin ('blonde being 
not a good d< hydrating agent, and 100 per eent humidity’ being not attained by 
simply keeping tin* instrument o\er water in a closed space, the value ot the 
humidity' per unit displacement of the lunr is slightly greater than that m all 
ideal chm* 

Fu/.s ’ and » ( /# ) show the humidity traces obtained from two separate 
hairs m independent instruments but sent up together, and it is found from 
these that the hair humidity’ records icMunble each other \ery well m their form, 
and thal the hair is fairly’ sensitn e to tli* changes met with m the atmosphere 
during tin 1 aseent 

♦Tin*, ’imp kink was \isihlo on senitiin m tin* instimnent ietno\ed in 1927, v hcie 
the ten | ci.itun evmint ot ( n> oiduaii \ Dmic^* liietcoingiaph w.i^ < oiivo t**d mto wet bulb, 
;m<l the teinp'-i at mes at the kink are given in the last row in Table 11 The accuraev 
of the teniper.il ;it e* with the^e meti firopi uph-» »s onlv of the order of about 2° t'» > ( , 
the aneioid ami the temperature element have since been improved veiy mueii by Mr. 
Chaterjee 
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On comparing the values of dry bulb temperatures during ascent recorded 
by two instruments sent up together it is found that they agree within -J o 0 
except for occasional differences of the order of l°( i But the difference 
lietween the ascending and descending traces is very large due to the reasons 
already mentioned 

I am thankful to Mr <; Tliaterjee lor all lus \nluable help in the prepara- 
tion of tins short note 
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1. Introduction On the 5th April 1933, a tornado was observed near the 
western boundary of Peshawar Cantonment. This phenomenon lias never been 
recorded before at Pcsliawar and is practically unknown in north-west India 
although pendant-shaped extensions of cumulo-nimbus cloud have been seen 
occasionally m the plains of the Punjab and N. \Y. F P The tornado was of 
moderate intensity and passed mostly over open, uncultivated country. Compara- 
tively little damage was caused and no loss of life occurred. Fig. 1 ls a rough 
sketch of the locality over which the tornado passed and its track has been 
indicated by a dotted line The « oniiiicnceiiicnt of the track was found m the 
Kajun I Iain to the south of Peshawar and it terminated in the vicinity of Islamia 
College to the west of Peshawar. Plates / to VII are photographs of the tornado 
taken at t lie, request of the author by Loading-aircraftsman Russel Pleasants 
of the lhotograpluc Section of No. 20 (A. (1.) Squadron, R. A F., Peshawar. 
* ii.fr i !;’ v P 0s0 'l at approximately fne-nunuto intervals from 11-55 hrs. 
to l---o hrs. and clearly show the growth and decay of the tornado. It was not 
possible to take photographs of the tornado-cloud before it reached the ground 
owing to delay m obtaining a clear field of view. From Fig. 1 it will be seen that 
Ai? P' ieilo,n< ‘ llou I )ass<? d unjileasantlv close to the acrodromo and the cantonment. 
All machines were put into the hangars and a warning w'as telephoned to Islamia 
College of the approach of the tornado In the following paragraphs tho meteoro- 
logical conditions before, during, and after the tornado are described as fully as 
possible, and the probable cause of the phenomenon is discussed in para. 5. There 
is little doubt, that, like the “ twisters” of the American prairies, tho Peshawar 
tornado was caused by vigorous convectiou combined with the interaction of 
different air-niasscs. (Note.— All times given in this paper are local time,, i.e., 
43 minutes behind Indian Standard Time). 

2. Conditions preceding the tornado.— On the 4th April, a depression which 
had remained practically stationary over Baluchistan moved in a north- 

*5® N - W - F - P - ^ chart (*» 3) for the 4th April 

u p a w 08 '°° i hr8> observations shows a low-pressure area over Baluchistan 
flanked by a wedge of high pressure penetrating into south-west Punjab. With the 
approac o e expression pressure fell rapidly at Peshawar, the barometer 
MHDGofOb. ( 109 } B 
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reading (corrected for temperature) being 0*3* (i.e., 10 mbs.) leas at 19 hrs. than at 
10 hrs. Of this large fall of piessure, about 23% may be accounted for by 
diurnal variation, but the remaining 77% was evidently due to the vigorous 
ascent of warm damp air. Fig. 10 shows a section of the weekly barograph trace 
for the 4th, 5th, and fit-h April. The sky lemained mainlv overcast- with low and 
medium cumulifoim cloud (lining the morning and afternoon of the 1th, except for 
occasional bright intervals in the forenoon. Considerable cumulo-nimbus cloud 
developed over the surrounding hills in the afternoon, and thundershowers occurred 
in the evening and at night The surface winds swung round the compass from 
north to south several tunes during .the day, finally becoming north-north-easterly 
in the morning of the 5th April The upper winds over northwest India in the 
morning and evening of the 4tli are shown m Figs 6a and 6b It will be seen that 
with the movement of the deepening depression into Waziristan the southerly 
cuirent over Quetta and Peshawar strengthened considerably. Upper air tempera- 
tures taken by the R A F at ltisalpur (30 miles east of and 150 ft- lower than 
PeshawaT which is 1,150 ft above sea-level) on the *lth, 5th, and Otli April are 
given graphically in Fuj. 12a and the relevant tephigrams are shown in Fig 12b . 
The lapse-rate on the 1th up to 8,000 ft. was from 2 - to 3 U per 1,000 ft increasing 
to 4° and 5 J per 1 ,000 ft between 8,000 ft and 15,000 ft Unfortunately the wet 
bulb thermometer of the strut psychrometer was unserviceable, and conse- 
quently humidity data are not available. But, judging from local conditions 
and from the observations made at neighbouring hill stations, the air on the 1th up 
to 15,000 ft- w'as at least half-saturated 

The chart based on observations at 08-00 hrs on the 5th April is show n in Fig. 4. 
It- will be seen that the wedge of high pressure over the N AY F. P. had completely 
disappeared and had been replaced by a well-marked depression with a moderate 
gradient, its centre being situated south-southwest oE Peshawar Temperature 
had fallen well below’ normal in Baluchistan, and slight 1\ below’ m X \V. F P. and 
southwest Punjab, but had risen above normal in north and east, Punjab Although 
the actual temperatures at 08-00 hrs did not- indicate any sharp discontinuity at the 
surface, Fig 9, giving the departures of the mean temperature from normal, reveals 
a fairly steei) gradient from west to east with a “ front ” passing through Peshawar 
and extending roughly from north to south over the X \V F P and Punjab and 
curving to southwest over Sind The surface winds indicate a flow of air across the 
isobars roughly towards the centre of the “ low” with a line of convergence 
extending from north to cast Punjab. (It should be noted m connection with the 
south-south-east wind show’n at Cherat., a few' miles east, of Peshawar, that Clierat 
is a hill-station about 3,500 ft. higher than Peshaw’ar). The upper winds at Karachi, 
Quetta, Peshaw’ar, Lahore and Agra, are represented in Fig 7a and the height- 
line, velocity curve, and trajectory for Peshaw’ar are shown m Fig 13. A “ cold ” 
front had obviously passed Quetta on the night of the 4th in view of the north- 
westerly direction of the upper winds and subnormal temperature on the morning 
of the 5th. Its approximate position at 08-00 hrs on the 5th April over the N. W. 
F. P. was presumably near and parallel to that of the zero line in Fig. 9. In this 
connection it should be noted that at Peshawar on the morning of the 5t-h there 
w’as an abrupt change of w'ind direction at 0-8 km. from northeast to south. The 
low T er current may be associated with the circulation of the preceding high- 
pressure system and probably originated from the eastern Himalayas, but the 
upper current formed part of the “ warm ” sector of the advancing depression and 
had travelled from the Arabian Sea. 


Upper air temperatures taken by the R. A. F. at Risalpur on the morning of 
the 5th are given in Fig. 12a. Up to 6,000 ft. the readings were slightly higher than 
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on the 4th, but appreciably lower from 7,000 ft, to 15,000 ft. The pilot reported 
marked “ bumpiness ” from 2,000 ft. to 14,000 ft. — particularly between 5,000 ft. 
and 7,000 ft. From 4,000 ft. to 14,000 ft. he was almost contiguously in cloud. 
It will be observed that the air was almost isothermal up to 3,000 ft. — wtth a lapse 
rate of 1° per 1,000 ft , hut from 3,000 ft upwards the decrease of temperature with 
height was almost steady at 4° per 1,000 ft Tn view of the very moist state of the 
air this lapse rate was greater than the saturation adiabatic (see F\q 12b) At Pesha- 
war on the 5th the si* v was heavily covered at first with all the m.im types of cloud, 
the most piedominant being cumulus over the lulls, strato-cumulus (estimated height 
about 3,000 ft.) and alto-cumulus, the direction of movement m each case being be- 
tween south-southwest and south-southeast. The sky cleared a little overhead m 
the foienoon anil there were short, sunny intervals, but cumulus and cumulo-nimbus 
cloud developed and increased rapidly especially over and near the adjacent hills. 
(Peshawar is situated m a horse-shoe shaped plain with mountains all round except 
for a gup to the east southeast , the foothills to the west being within 10 miles of 
the observatory) At midday the sky was heavily covered with towering cumulo- 
nimbus clouds, the bases being at a level height estimated to bo about 2,500 ft. and 
the tops extending to varying heights of more than 10,000 ft A light shower ac- 
companied bv thunder and hull stones occurred at i 1-42 — 1 1- 17 Ins. and was followed 
within a few minutes b\ the appearance of a writhing funnel-shaped cloud extending 
dowmvards m a southwesterly direction from a dense black mass of cumulo-nimbus 
cloud. The process of the various meteorological elements, as indicated by the re- 
cording instruments is show n in Fiq 11 The surface winds which had previously been 
light noitherlv, \ ecred to east -southeast at 10-20 hrs and to south-south-west at 10-45 
hrs The \eloeitv then mei eased to 15—20 m. p h and the direction fluctuated 
between south and southeast At the moment the thundershow er occurred the wnnils 
w T ere 15 — 25 m p h fiom southeast Temperature rose slowly from 02-5° F at 0H-00 
hrs. to 71 at 10-15 hrs and then sharply to 73-5° at 11-15 hrs subsequently tailing to 
72° at the lime the tornado began , similarly the wet-bulb temperature rose to 0 4° at 
11-15 hrs. and fell to 151 '5' at 11-50 his It. will be seen that the barograph indi- 
cated a continuous rise of prossme to 11-20 his and then showed a veiy slight fall. 
Pei cent .ige humidity which had been decreasing steadily during the morning 
became irregular aft«*r 10-15 hrs with sudden rises and falls (see Fuf 11) 

3. Conditions during tornado — The funnel cloud, which was first observed at 
11-52 Ins tapeied downwards and rotated anti-clockwise round its axis as seen from 
the ground It swung to ai d fro a little and, after rising and descending, it finally 
reached the ground at 1 1-55 his. about 5 miles aw T av from the observatory When it 
touched the eaitli a mass of mud and debris shot up all round the base of the funnel, 
see Plate s //-- V The w lmlmg column then rapidly thickened and the edges became 
darker The development of tie tornado will be cloaily seen from the photographs. 
The wdiole column was observed to proceed approximately towards the northeast. 
At first, the base appealed to mow* more quickly than the top, causing the column 
to become curved, but later the top seemed to accelerate and the column became 
attenuated The countei -clockwise vertical ascensional movement w r as clearly 
visible, and the uprush into the cloud base seemed to be amazingly rapid. At times 
an optical illusion was caused and the condensed w r atcr vapour appeared to be cir- 
culating downwards inside* and upwards outside the funned, the centre of wdnch 
seemed to be* cleai and hollowx The tornado passed close to the aerodrome and 
machines we're hastily put awray into the hangars. Although no sound was heard 
at the observatory, eye-witnesses near to the phenomenon heard a loud roaring noise 
“ like a railway tram ”. Plate IV w T as taken at 12-10 hrs. when the tornado was 
near to the meteorological office. It was then at its most active stage and had 
developed a peculiar shape at its base, similar to that of an arrow-head. The 
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height of the top was estimated to be between 1,500 ft. and 2,000 ft. At 12-15 hrs. 
the whirling column became much thinner and at 12-20 hrs. it developed a “ kmk ”, 
and, although seemingly making an effect to recover, the column finally degenerated 
into a very thin, Dent and twisted line which broke in two, and eventually disappeared 
at 12-27 hrs. A subsequent investigation of the district over winch the tornado 
passed revealed that comparatively little damage had been caused, a large part of 
the track being over barren and stony ground Moreover, the rate of travel was so 
slow estimated to be about 10 m. p. h. or less — that it was fairly easy to avoid. 
A few kutcha buildings were destroyed at the villages of Acliini and Spina Warai 
(see Fig . 1). A number of small trees were uprooted, and larger trees were stripped 
of their foliage and covered with mud. An uneven furrow about 00 ft. wide and 1 ft. 
deep was ploughed up for a distance of nearly 1} miles over open, uncultivated 
country. At Spina Warai two tethered calves were lifted bodily and thrown to the 
ground unconscious, and a man working in the fields wa^ stripped of his clothing. 
A number of birds were killed. Otherwise there was no loss of life. It is estimated 
that approximately two acres of crops were uprooted or destroyed. It appears 
that damage was caused not so much bv surface winds or explosive action, as by the 
violent uprush of air m the central vortex. Reports were received that the tornado 
was preceded by a brief hailstorm Large stones fell between Spina Warai and the 
road to Jamrud According to Professor Stro\er of Islanua College they were 
elliptical, or nearly stream-lined 9 in shape, the length of the axes being from 1 J" 
to If by f to If . It is interesting to note* that, looking from southwest to northeast, 
the tornado funnel was situated on the right-hand side of the mam cumulo- nim bus 
tower and the ram and hail fell mostly on the left-hand side of tile track The length 
of the path of the tornado was approximately 1) miles, the spot whore the funnel 
cloud first touched the ground being in the Kajun Plain west of Sarband village and 
near the Besai spur (2,515 ft high). The track was very clearly visible over bare 
soil but less defined over land under cultivation Fn fortunately the “twister ” 
did not pass sufficiently close to the observatory at Peshawar to affect the instru- 
ments to any great extent (see Fit/, 7 /). At the commencement of the tornado the 
surface wind was between southeast and south from 15 to 20 m p h. At 12-15 hrs , 
shortly before the phenomenon died out, the wind veered round to west and finally 
became northerly at the time the tornado disappeared. Pressure fell very slightly 
from ll-o0 to 12-05 hrs and then rose a little but the nucrobarograph record showed 
no sudden change Temperature fell about one degree from 11-50 to 12-15 hrs. and 
then dropped 1*5 fairly rapidly, rising again at 12-30 hrs The humidity rose sud- 
denly from 55% at 11-55 hrs to at 12-15 hrs. and then dropped to 60% at 
12-30 hrs. The wet-bulb rose very slightly (about 1°) from 11-50 to 12-30 hrs. 

4. Conditions alter the tornado.— The sky continued mainly overcast in the cany 
afternoon with enmuhform and nimbus cloud There were further thundershowers 
with occasional hail. The sun bioke through at 15 00 hrs. and cloud decreased rapidly 
in the evening. The sky cleared completely at night. The surface winds were 
moderate and gusty from north-northwest to north-northeast, in the early after- 
noon but strengthened and backed to northwest later Between 13-20 — 13-30 hrs. 
there was a lull and the wind swung round the whole compass E\enuig upper 
winds over northwest India on the 5th are shown m Fuj. 7b. It will be noted that the 
northeasterly wind of the morning at Peshawar had been replaced by a north- 
northwesterly wind up to 1 km. At li kms. the wind was easterly, with a deep, 
strong southerly current above from 2 kms. to 4 kins. Evidently the relatively 
cold air from the northwest had undercut the " warm ” southerly air to a depth 
of nearly 5,000 ft. between the time of the tornado to the time of the evening pilot- 
aloon ascent, i.e., from 12-30 hrs. to 16-00 hrs. Except for a slight rise of 2° lust 
after the tornado, and a rise of 5° from 15-00— 16-15 hrs. when the sun shone through a 
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break in the clouds, temperature fell continuously the rest of the day. It will be 
noticed from Fig 11 that a sharp fall occurred both in the dry and wet bulb tempera- 
tures at 13-30 hrs. On the 0th the weather was fine all day with a little cirrus and 
cirrostratus in the sky and patches of cumulus and cumulo-nimbus over the hills. 
Upper air temperatures taken at Risalpur (see Fig . 12) showed a marked drop up to 
11,000 ft. and the upper winds at Peshawar had resumed their normal direction from 
northwest to west (see Fig 5). The general indications were that the depression 
had filled up considerably and had moved into the eastern Himalayas (see Fig. 5). 

5. Discussion as to the cause of the tornado —Before proceeding to discuss in 
detail the mechanism of tins tornado, it should be pointed out that the mormng 
weather charts m India are, of necessity, based on observations made at 08-00 hrs. 
local time and are therefore not synoptic. Also, m view of the fact that most of the 
observations m the vicinity of Peshawar are at hill-stations of varying height it is 
almost impossible, with such unstable conditions, to draw a complete and detailed 
picture of the meteorological elements for any given height The very presence of 
the hills and the lack of obsenations to the west of Peshawar (i.c., from Afghan- 
istan) add to the difficulties of arnving at definite conclusions regarding any local 
meteorological phenomena However, an attempt has been made, m spite of 
the complexities of the situation, to arrive at an explanation of the phenomenon. 
The two mam factors contributing to the formation of the tornado appear to 
have been : — 

(a) an updraught caused by active convection at the level at which the funnel- 

cloud began — possibly assisted by local vertical currents due to uneven 
heating of the ground, and 

(b) the interaction of air masses from different sources and of different direc- 

tions producing vorticity in the ascending current. 

It should be noted fiist of all that the depression was in the process of filling up, 
as indicated bv the rise of pressure since the early hours of the 5th (see Fig 10). and 
that it. was proceeding in approximately a northeasterly direction. Moreover, 
the centre of the low pressure system was gradually moving towards Peshawar. 
There were evidently three air masses involved in the formation of the phenomenon, 
namely — 

(?) A “ warm ” and relatively moist, unstable, mass of air from south-south- 
west, with its source of origin m the north Arabian Sea or Persian 
Gulf The wind velocity m this mass was from 20 to 25 m p h. at 
1,000 ft increasing to 35 to 40 m p h. at 10,000 ft 

(n) A “ cool " and drier air mass from northeast brought m from the south- 
east by the pieecding “ high ". This air probably ouginated in the 
eastern Himalayas, but must have travelled over a fairly long path 
above the plains of east Punjab As a result of this journey and also 
m consequence of its descent to lower le\cl this air had become strati- 
fied and warmed appreciably The velocity of this current at 1,000 ft. 
was about 15 ni. p. h. 

(m) A “ cold ” sit mass approaching from between north and northivest 
with its origin m the mountainous region of northeast Afghanistan or 
even further north The wind velocity in this air at 1,000 ft. was 
from 15 to *20 m p. h. 

At the time of the 08-00 hrs. chart on the 5th it would appear that at Peshawar 
the air from the south wus overrunning the air from the northeast along an “ active 
up-glide ” surface of separation. Owung to the northeasterly movement of the 
depression the “ warm ” air mass was advancing to and the “ cool ” air mass 
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retreating from Peshawar. That the surface of separation between these two cur- 
rents extended down to the ground (or very close thereto) between Peshawar and 
Lahore is indicated by the surface winds. A dotted line in Ficj. 4 marks the pro-' 
liable position of the “ front *\ It will lie noted that the line passes through a 
slight dip to the south m the isobars Owing to the* warming of the northeasterly 
current, the surface temperatures do not reveal a well defined line of discontinuity. 
An examination of the upper air temperatures at Risalpur on the 5th, however, 
shows a sudden change in the lapse-rate at 3,000 ft. (1 2 2 kms m. s 1 ) which is 
approximately the same height (1*15 kms. m. s 1) of the discontinuity in wind 
direction above Peshawar — the difference probably being due to the greater* angle 
of slope of the suif.iee of separation at Risalpur. Incidentally, the pilot, being m 
the habit of taking readings at every 1,000 ft. above ground level, probably failed 
to detect an mveision between 2,000 ft and 3 000 ft Owing to the lack of obser- 
vations from Afghanistan and Wazmstan it is not- possible to ascertain an exact 
dividing line between the “ cold ” air from the northwest and the <fc w r arni ” southerly 
air. But the existence of a “ passive up-glide ” surface to the west of Peshawar on 
tie 1 morning of the 5th may be assumed from its appearance later m the day. A 
“ front " is certainly indicated to the east of (Juetta, and the upper winds at this 
station (see Fiq T") confirm that the “ cold ” northwesterly air had become fully 
established there The cstwmtcif position of this “ front ” has been entered in Fig. 14 
by a double dotted line. If sufiicienl data were available it might be possible to 
draw’ a third " front *' show ing a line of demarcation between the cold northwesterly 
current and the* w’armer noitheasteilv current However, it w’ouhl appear from the 
trajectory of the evening pilot-balloon ascent on the 5th that the northwesterly 
current lmd undercut both the northeasterly and the southerly current Hence the 
third “ front ” probably existed, although ill-defined, as a joint extension of the other 
two in some westerly or northwesterly direction The interaction of the three air 
currents at 08 hrs on the morning of the 5th is shown diagrammatically in Fig. 4a 
(see also Fiq TV/), and the estimated relat ive position at this time of the air masses 
in the vicinity of Peshawar is given m Fiq 1 lb In the latter the angles of slope of 
the sin faces of separation have pmposelv been exaggerated (A rough calculation 
based on the estimated distance of the fcfc front " from Peshawar and the height of the 
northeasterly current gives an angle of slope of appioximately 1 : 100). The 
advancing cold air from the northwrest has been drawn with a " nose ” in front to 
show’ rc‘taidation at ground-level Such retaliation generally occurs with an in- 
rushing and undeicuttmg noi thw esterly ( urient — especially m such mountainous 
surroundings as Peshawar For simplification the throe air masses w r ill be referred 
to from now’ on as " wrarm ”, “ cool ” and “ cold ” 

If a reference now’ be made to Fiq II it w ill be seen that, just before 11 hrs. the 
surface wund had become southerly Tt may be presumed theiefore that with the 
movement of the depression the “ cool ” an mass had receded a little beyond Pesha- 
w’ar and had been replaced at the smface by a nanow tongue of w r arm ” air. It will 
be noted that with the change of wind direction the temperature rose a few degrees. 
Actually the humidity fell slightly but the low’cr layers of the fcfc warm ” current had 
probably become relatively dry ow mg to the passage of the air across the Sind Desert 
and the and plains of southwest Punjab Meanw hile, the “ cold ” air had approached 
nearer to Peshaw’ar and the situation became favourable for the creation of a vortex. 
As suggested by Wegener (*) there is a tendency for a vortex w’lth a horizontal axis 
to be formed at the nose of the w edge w lion a cold front is advancing w T itli a pro- 
nounced overhang, * v , a squall-lme m mid-air In this case, liowrever, the presence 
of an “ active up-glide ” surface of separation between the ‘ h w T arm ” and the <fc cool ” 
air mass is also important inasmuch as it probably facilitated the creation of a vortex 
with a more or less vertical axis. That vigorous convection was taking place was 
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evident from the lormation of towering cumulo-nimbus cloud (sec photographs) 
and from the fall of hail preceding the hailstorm As already mentioned in paragraph 
2, the lapse-rate of temperature m the “ warm ” air was super-ad labatic indicating 
that an active upward evacuation was taking place Again, an examination of the 
height-line of the pilot-balloon ascent on the morning of the 5th (»•»•* Fuj 13a) gives a 
mean rate of ascent of 3- 2 kins m 15 minutes, i e , TOO ft per minute whereas the 
balloon was filled to rise at 550 ft per minute. Hence there was a mean vertical 
wind of 2 m p h Also, if the points at 7.J and 8] minutes on the height-line are 
regarded as correct then theio must have been a vertical wind of nearly 20 m p h. 
between 1,250 ft. and 0,550 ft. In this connection, it will be noted that the pilot 
at llisalpur ropoited excessive bumpiness between 5,000 ft and 7,000 ft. There 
had been an occasional burst of sunshine earlier in the morning, and probably even 
m the “ cool ” air there was slight local convection owing to uneven hoating of the 
ground. In any case, the advance of the “ cold 99 w r edgo from the northwest must 
undoubtedly have enhanced the evacuation and upward movement of the " warm ” 
air Thus we have a voitio.il movement foinied at the nose of the “ cold front ” 
combined with eential vertical convection within tlie “ warm " air mass which had 
become sandwiched between the “ cool 99 and “ cold 99 air masses The upward 
motion of the " warm ” air was sulliciently strong to cause condensation below the 
ptoper level of the cloud and m this way the initial development of the funnel cloud 
took place 1 ( 2 ) A glance at the photographs is sufficient to convince one that this 
is what was actually taking place as a black mass of condensed water-vapour is 
visible at the top of the tornado beneath the main base of the cumulo-nimbus cloud. 
Itis evident that the up-draught of * warm ” air was not exactly vertical buttowards 
the northeast TIen< «» the extension dowmvards of the funnel cloud in a south- 
westerly ducction As explained bv Humphreys ( 3 4 ), the heat liberated by the 
condensation would inciease the convection and thcicfore the spin. The drag from 
above would cause an extension of the vortex to lower levels until it finally reached 
the ground SuMieient moisture being available, the icduction of pressure within 
the core due to the balancing of eentnfugal force would cause adiabatic cooling of 
the air and consequent condensation In tins way, the whul became visible as an 
upward spiralling mass of watei drop** Its development is clearly shown m the 
photographs Plate I shows t lie tornado just after touching the ground with its axis 
presumably parallel to the 1 surface of separation between the “ cool” and “warm” 
air masses Plate II illustrates the intensification of the phenomenon due to in- 
creased convection With the nai rowing of the gap between the “ cold ” air and the 
“ cool ” air the lower part of the column became straightened— as will be seen from 
Plates III and IV. As one would expect, the tornado travelled with the “ w r arni ” 
air in approximately a northeasterly direction, i e. 9 parallel to the direction of the 
depression itself At the same time, however, the nose of the cold wedge was ad- 
vancing more rapidly than the “ cold air at the giound and w r as gradually over- 
taking the letreating “ cool air Moieovcr, the “ cool ” air had apparently curved 
round the tongue of “ warm ’ air and penetrated as a northerly cuirent below the 
nose of tlie cold wedge causing a secondary “ cold front ” at the surface The com- 
bination of these twro effects may explain the curvature of the funnel cloud as shown 
in Plates V and T I. With the giadual lifting of the warm ” an from the ground, 
the tornado started to decay Convection became less vigorous The spin w’as 
therefore retarded and pressure increased inside the column. As a result some 
of the rotating w T atcr-vapour evaporated and the column became less opaque. 
Finally, the attenuated column w T as cut in tw o — probably by the noso of the advanc- 
ing cold Vedge penetrating the surface of separation between the “ warm” and 
‘cool” air. Thus the dynamical wall, already weakened, round the distorted and 
elongated tube of w r ater-vapour, collapsed. There was a rapid adjustment of 
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pressure in the two halves of the broken column, which quickly disappeared — the 
rotation becoming dissipated m eddy turbulence. Referring to Fig. 11, it will be 
noted that during the progress of the tornado the surface winds veered to west and 
then to north, becoming north-northeasterly after the phenomenon had disappeared. 
The microbarogram shows a slight fall ( • 01") and then a slight rise ( • 02"). It would 
therefore appear that when the tornado touched the ground there was a conver- 
gence of air towards the low pressure at the centre of the column causing an incurved 
spiralling of the surface winds. The “ cold ” air did not replace the “ cool ” air 
at ground-level until 13-30 hrs and was preceded by a small secondary whirl, or 
eddy, as indicated by the change of wind direction through 300° (see Fig. 11). That 
a change of mass took place at 13-30 hrs is borne out by the sudden drop of tempe- 
rature and the simultaneous fall of the wet-bulb together with an increase of wind 
velocity. The development of nimbus cloud and the frequent, occurrence of thunder 
storms with hail in the afternoon showed that the “ warm ” mr u'as still being forced 
upwards by the advancing “ cold ” air. The evening upper winds at Peshawar on 
the 5th (see Fig 13b) indicate that the “ warm ” air hud been lifted to a height of 
about 5,000 ft By the following morning the northwesterly current was completely 
established at Peshawar (see Fig 8), and the depression. had moved away. 

6. Conclusion. The object of the author m the preceding paragraphs has been 
to explain the cause of the tornado in a simple manner along the lines used by Gib- 
lett in his paper on lme-squalls ( s ). Only a preliminary note has been attempted 
as a complete discussion would necessitate the use of voitex equations. It is hoped, 
however, to carry out a detailed comparison of the Peshawar tornado with tornadoes 
which ha\e occurred in Bengal ( 6 ), the United States, and other countries with a 
view to arriving at a mathematical as well as a physical interpretation of this 
phenomenon In the opinion of the author, an essential part was played by the 
cool air in the formation of the tornado under discussion inasmuch as it 
facilitated the development of a vortex with a vertical a*.is The part played by 
the cold wedge w T as that of creating vorticity at its snout The reason for the rare 
occurrence of a “ twister ” at Peshawar is that the depressions which pass across 
northwest India m the cold weather do not usually bring about such a suitable 
juxtaposition of air masses as occurred on this occasion, although the formation of 
mid-air cold fronts are quite common. Also the air m the “ warm ” sector of these 
depressions is normally not so unstable as it was in this case No reports have 
been received of the appearance of a tornado elsewhere in northwest India on 5th 
April although thunderstorms occurred at many stations To facilitate reference 
to the various places mentioned in this note a key-map is given in Fig 2 

Finally, the author wishes to thank Mr R L Dixit, B Sc , for his assistance 
m the preparation of the diagrams and also Dr A K Das, D Sc , for some helpful 
criticisms. 1 
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ON THE NATURE OF THE FREQUENCY DISTRIBUTION OF PRECIPITATION 
IN INDIA DURING THE MONSOON MONTHS, JUNE TO SEPTEMBER 

BY 

I). Sankaranarayanan. 

(Received on 9tk February 1933) 

Abstract — Juno to Soptrinboi rainfall of fJH repi iv4cnt.it ivo Indian stations situated in tho field j>f 
the monsoon current is .ui.ilvM'd with a view to tost the nature of I lie frerjuonev distribution V/:^ 
and <ii i Midinir to the IV u soman notation, are obtained fm these >.1 at ions and the vaii.itions m their 
magnitude', trued The depirtme^. id these eonslaids fr.nn U and .1 are tested lor th-ir siLinilii anee 
The paper < onehides with the leniuk that tin* departures are not siillu ientl\ Ini'll to lead to the ussump 
tion of a non-noiinal distribution over the yiiMter part of the plains of India 

1 The forecast formula.' developed by Sir Uillfit Walker f 1 ) for foreshadowing 
the monsoon rams of India have been in use in this department for the last 
25 years Ileeentlv an attempt, lias been made to calculate the chance of success 
of these foiecasts on the definite assumption of a normal distribution for the 
calculated values of t he rainfall amounts An examination of the n.it me of tho 
distribution seemed, therefore, prol Liable Such an examination is a l tempted in 
this paper 

2 (iinuping the divisions of India into homogeneous blocks as regards rainfall, 
for the pui poses of forecasting, could, it is believed, be facilitated if one understands 
the nature of the freipienev distribution in each division The guiding principle 
at present is the pooling together of those adjacent divisions which either bear a 
high inter-correlation or have similar high correlations with the forecasting factors 
ft is suggested that, this mav he supplemented bv the examination of the magnitudes 
of the frequency constants 

In this connection it. mav bo interesting to note that Sir Hilbert. Walker ( 2 ) 
has made, t o quot e his ow n words, a “ preliminary attempt to understand the varia- 
tions of the annual rainfall of India But this was mainly to see how far India is 
bablc to drought, as compared with other countries In this paper, however, rainfall 
during the monsoon season only (Junc-Septembor) has been considered, as the mam 
forecasts aie issued tor this season , blither, ovei most of India the major part, of the 
precipitation occurs during this period The analysis of the frequency distributions 
has been made bv the method of curve fitting developed by Karl Pearson (’) and tests 
have been applied to see how far the deviations of these distributions from the 
“ normal ” type can be considered significant 

4. For this purpose, 68 stations, distributed in the field of the monsoon current, 
representative of the various orographical features of the country and having a 
MSDGofOb 97 * 
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record of at least 60 years, were selected. These are shown in Plate I along with the 
number of years’ record available for each station. The full records for each station 
have been utilised in the present investigation. 

6. The stations selected may be arranged into three groups according to the 
total seasonal rainfall (?) those with an average monsoon rainfall of over 200", 
(ii) those with falls between 200" and 20" and (???) those having less than 20". 
Only one station, Clierrapunp. falls in group one, 52 in group two and 15 in group 
three ; of the 52 stations m group two, only seven have more than 100". The 
departures from normal in group (?) were classified under intervals of 6", those for 
(w) in 2" intervals, while a 1" interval was used for group (???,). There are only 6 
stations whose class intervals exceed \ the standard deviation and m a fewr cases the 
classification lias been too line (*) rmforimty m the length of the class intervals, 
w*as attempted m order to make tlu» frequency tables comparable A departure 
falling on a boundaiy line between two intervals was counted half in each of the 
two mtei vaK Sheppards correction for grouping was also applied. In a great 
majority of cases the frequent n\s appeared to satisfy the following conditions laid 
dow r n by Frofessoi Ivarl JVawm (rale Draper's Dompany Research Memoirs — Biome- 
tric Series II) as desirable before one* can successfully attempt fitting curves 

I. The frequency starts from zero, increases to a maximum and then falls again 
to zero. 

II There is generally contact of the frequency curve at the extremities of the 
range. 

• o * 

G. The frequency const ants „ and ^ and yn 4 being the 2nd, 3rd 

^ “ Pa 

and 4th moments) were worked out foi each station It has been shown by R A. 
Fisher O that, for tests for departures fiom normality \ ^ and /? 2 are good 
criteria Hence these quantities were calculated and are given in Tables I to 7A r , 
and also m Plate II 


7. A glance at the tables will show that the values of y and deviate very 
much from those foi the “ nonnal curve, ? e from 0 and 3 respectively. Wc 
have now to see how far these vanations rnav be considered In be significant- Asym- 
metry is measured bv \ ^ tlu 1 root being given tin* same* sign as /z., It. has been 
shown by Egon S. Peai.vn [*') th.it for samples of X fiom a normal population, \/y5 

has a standard error <>t~|/ ^ ^ 1- +— < — ~-f "* ) and ^ lstri * )Utlon 18 

nearly normal. The rnngnii udn of \ ^ forms therefore an excellent test for departures 
from nor malit.y As foi its disinbut ion is skew’ and has a standard error 

r /ste/, 15 27 2:511# \ 

01 !* U I 1 2N^ TTn / ^ W( * WJf ^ 1 *° oxan iine the significance 


°f ^ 2 > we '”<■ faced wit.h a leal difficulty caused by the paucity in the number of 
years of data The sampling senes for /J, is onlv very slowlv convergent as Egon 
Pearson notes m the paper ( rt ) n heady referred to Hence the development of the 
test, foi samph»s of less than v hundred w'ould be of ht-tle practical value. 


N-_E. S rearson, in the paper ( ft ) mentioned above, has given 5 per cent, points 
for i the highest, value which w likely to be exceeded in only 5 per cent, of the 

case*. The 5 per cent., values coirespondmg to each station are given in column 3 
in each of the Tables, under “ 5 per cent, point for independent di 3 tribution. ,,> 

* These have the same moaning as that given by Pearson. 
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9. On this criterion all values of y/ j3 x winch are greater than the corresponding 
5 percent values should lie considered significant Such values of have been 
underlined in the Tahirs The number of such values is 34. One may be inclined 
to say that these departures from the normal type are muni 1 ’ cant. 

10 But there is another point to be considered The monsoon current is the 
mam cause of all rainfall in this season The ot her contributory causes which help 
the production of rainfall are the oiogiaplncal features of the country, the quasi- 
permanent fronts, the tempoiaiv fronts developed dunngtlie passage of storms 
and depressions across the count rv and t he th underat oi ms developed by local convec- 
tion There is no doubt that there are oilier c ause gioups which come into play 
but of those we have vet no liilonnation Similar i ause groups acting with like 
“ valency M should, it appears, give similar dopait.ures from the normal value of 
rainfall. It may thcrefoi e be i easonably surmised t hat the shape of the curve depends 
only on the natuie of the cause* groups and then \nlencv On tins assumption the 
08 stations can be divided into the* following nine* gioups stations on ( i ) the West 
Coast North, (o) the Wesl Coast South, (m) m tin* Peninsula, [v') on the East Coast 
and Central fndia (r) in the* («\ingctic Plain (/r) m \ssain, (tit) on the Himalayas, 
(cizz) oil the bordeis of Kajpuiana and (ij ) on the Tcuiusseiini and Arakan Coasts. 

1 1 Tahirs 1 to IX indicate tins grouping \\ e mav not be far wrong m consider- 
ing that the stilt ions in any particular gioup lonna random selection, as regards 
rainfall amounts, from the same population That is , if we consider, for example, 
the stations on the We*t ('oast N.nlli, we may assume that the rainfall amounts 
at each of the stations form a lundnm sele< lion from the same population , and as 
there are <5 stations in that gioup, 1 1n*ie an* l> random ^elections Naturally the larger 
the number of selections, the m eater does the highest value of \ / /3 l become. If 
we assume that the population is nnimally distnbuted, we have to find out the 
greatest value of \ jSp that mav be expet ted m these* (> samples 

12 To calculate this \alue we inn\ iim* an investigation hv Walker ( 7 ) The 

tables he has given in that paper enable us to find out the probable highest value of 
\'£, that mav be expected in these b random samples But as this may be consi- 
dered to be a somewhat low limit ol significance, we mav find what may be called 
the 5 per cent highest value of \ / e . the highest value that is likely to be exceeded 

onlv m B per cent of the eases This \alue can be calculated fiom the tables given 
m a paper ( H ) bv Savur and (lopal Kao, bv mult l] dying the piobable error of y/ (3 X 
by the factors in tin* table 

13 Strictly speaking, these table- cm bo applied only when the number of 
elements in each selection is the same In out cast*, as the number of elements (£.6., 
the number of voars) is different, the mean of these was uxed A\ ltl), this value, the 
5 per cent highest value of x jg was calculated It is given m cobmin 4 of Table I 
under " 5 per cent highest, value for related distribution* ” 

14 On our new criterion, all values of \ # in that table which exceed “ the 
5 per cent highest value for related distributions'’ should be considered to Dedi- 
cate a significant departure from normal distribution. There, is no value of \ / j3 l m 
Table 1 which exceeds this value Hence the population, from which our 6 random 
samples on the West. Coast have been selected, may be considered to be normally 
distributed. 

15. A similar test w T as applied to each of the tables in turn. The 5 per cent, 
value for each table is given in cola mn 4 It can he seen that there are seventeen 
stations in all in which the value of < xceeds the “ 5 per cent, highest value 

for related distributions.” These values have been underlined twice. Hence 
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excluding these 17 cases we may say that there is no reason to believe that the 
monsoon rainfall is not distributed normally. Of these 17 stations four are found 
in northwest India round the desert region there, two on the leeward side of the 
Ghats in the Bombay Deccan, and two in the extreme southwest coast of the 
Peninsula. 

16. But still there remains one other point of which our tests have not and could 
not take cognisance. Consider the values of \ m Table /. Excluding that for 
Bombay, these values dimmish at first as we go down in the table (i r., South on the 
map m Plate II) and then increase This increase is kept up m lable II also 
Such a regular variation can hardly be attributed to chance. The variations of \ 

in Tables V , VII and IX are also more or less regular Although no physical expla- 
nation is as vet available for these variations, they should, it appears, bo capable 
of such an explanation 

17. In this connection, reference may be made to Philosophical Transactions 
Vol 190 (1897) m which Karl Pearson and A. Lee have published a discussion on the 
distribution of the frequency of barometric heights at di\ erse stations in England (®). 
In that article they note, “ putting aside one or two anomalies, we find a continuous 
and gradual change of frequency constants as we pass from station to station round 
the coast, and it appears as easy to draw the contour lines of equal frequency as it 
has hitherto been supposed to be to draw isobars 99 Within limits, a similar remark 
may be said to apply to monsoon rainfall as suggested in the discussion 

18. The 5 per cent points for tf 2 , given m the tables of Egon 8 Pearson's paper 
(®) are given for 25 number intervals, beginning with 100 only As 95 is sufficiently 
near to 100 the 5 per cent, points for were obtained by extrapolation m the case of 
the few stations which had only 95 years of data For other stations which have a 
hundred years* data or more, these 5 per cent points were readily found from the 
tables. For each of these stations the lower limit of the 5 per cent, point for /3 2> 
entered in column 5 and the upper m column 7. The only station in which these limits 
are exceeded is Shimoga Hence we may say that, excluding Shimoga, the departure 
of /S 2 from normality is not significant There is, unf» rtunately, no possibility of 
applying the more stringent test, i e , that for related distributions as in the case of 

in this case, because not more than one station which possesses a record of about 
hundred vears is found in any group , and the distribution of /3« for a random sample 
from a normal population cannot be considered to be sufficiently noinial even when 
7i=l,()00. However, most of the values <-f /3 2 are sufficiently near 3 to lead one to 
assume that there is no significant departure from the Gaussian. 

19. In conclusion, it may be stated that there seems to be very little justification 
for an assumption of a non- normal distribution as regards monsoon rainfall over 
most of the plains of India But one cannot yet say whether the curves are 
“ necessarily ” normal 

20. "When, however, the rainfall is grouped m large divisions as is done by this 
department for forecasting purposes, the smoothing that is introduced would, it 
appears, make the distribution conform more truly to the Gaussian type For the 
three mam sub-divisions into "which India is divided for purposes of foreshadowing 
monsoon precipitation, viz , the Peninsula, Northwest India, and Northeast India, 

works up to *64, -06 and ‘42 respectively, while fl» is 3*79, 3-35 and 2*80. 

These are based only on 57 years’ data. 

21. My heartfelt thanks are due to Dr. S. R. Savur, M.A., Ph D., for guidance at 
every stage and to Mr. L. S. Mahalingam, M.A., for checking parts of the heavy work 
involved in the preparation of the paper. 
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Station. 


Surat 

21° 12' EN 
72° 52'E 
Bombay 

18® 55' N 
72° 54' E 
Mathiran 

18° 59' N 
73° 18' E 
Ratnagin 
17° 8' N 
73° 19' E 
Karwar 

14° 48' N 
74°1T E 
Mangalore 
12° 52' N 
74° 53' E 
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68 
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60 
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- 70 


3 40 
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74 
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69 
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Table II (Group II). 
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2 81 


105 46 

22 64 

68 

Calicut . 

11° 15' N 

75° 49' E 

4- 44 

46 

i 



3 21 


89 64 

18 30 

70 

Ponnani 

4- 52 

49 




3 16 


76 0" 

18 58 

01 

10° 47' N 

75° 68' E 











Palghat 

10° 46' N 

76° 42' E 
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•47 


- *76 


3 02 


58 10 

15 80 

68 











Cochin 

9° 68' N 

76° 17' E 

4- 77 
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4 01 
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10 56 
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44 
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Table III (Group III). 


Station. 

(1) 

> 
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4 
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s 
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m 

41 
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78 
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76 
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Table IV (Group IV). 
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Table V (Group V). 
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Table VII (Group YIT). 
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Table IX (Group IX). 


Station. 


( 1 ) 
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Map showing the Stations selected and the number of years of Data used m the Investigation 
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Map showing 10 xj pi and (l 0 xp 2 ) 
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A NOTE ON THE RAPID FLUCTUATIONS OF ATMOSPHERIC PRESSURE 
AND THE ATMOSPHERIC INSTABILITY AT PESHAWAR DURING 

1928 AND 1929. 

UY 

S. Basu and S. K. Pramanik. 

(Received on 30th October, 1931.) 

Brunt has shown 1 that in stable atmosphere the motion of a small element verti- 
cally displaced should be a simple harmonic motion about the original position of 
the element. The equation derived for this motion is 

where A— the height of the element above the earth’s surface, 

T -- the absolute temperature at a height h, so that T is a function of //, 

P=the adiabatic lapse rate, 
and g — the acceleration due to gravity. 

In this equation if the positive value of ^ is taken, the period of oscillation 

is given by 

As the lapse rate, increases from 0 to the adiabatic value, the period increases fiom 
about 6 minute&,upward. When the lapse rate is equal to the adiabatic, any dis- 
placed particle will stay where put. For lapse rates greater than the adiabatic, 
instability occurs, and the displacement increases exponentially. 

If the air is saturated then (i must be replaced by the saturated adiabatic lapse 
rate a, so that a is roughly half the value of (3 ; the period of oscillation in an iso- 

dT 

thermal saturated air, when ^ = 0, works out to about 8 minutes, it being as- 

1 “ The period of simple vertical oscillations in the atmosphere.” Q. J. Roy. Mist. Soo., 
VoL 63, 1027, pp. 30-32. B 
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Burned that the raindrops do not fall out . 1 This assumption seems to he plausible 
when dealing with oscillations of such small periods. 

Fujiwhara and Kanagawa investigated 2 the possibility of using the period of 
oscillation of the atmosphere, shown by a Sprung’s barograph, as an indicator of 
atmospheric instability. From an examination of 31 cases of barometric oscillations 
in 1928 with periods longer than 10 minutes but shorter than 30 minutes they sug- 
gested that the period of free oscillation, if properly observed, serves as an useful 
index of the atmospheric stability and proves to be a reliable information for fore- 
casting rain. To test if this suggestion works, 2 years’ (1928 and 1929) records of 
a Shaw and Dine’s daily microbarograph by Negretti and Zambra (installed at the 
Meteorological Office, Peshawar) were examined along with the Peshawar hyoto- 
grams for the corresponding period , the hyetograms were obtained from a daily 
Syphon raingauge by Casella. While tabulating the results from the microbaro- 
grams and the hyetograms, the weather remarks for the corresponding days as 
entered by the observers of the Peshawar Observatory, wherever available, were 
also taken into account. The results of tho examination are given in Tahirs 1 to 0 
appended at the end. 

It will be seen from the Tables that in all there were 218 occasions duiing the two 
years on which the microbarograph traces show fluctuations with periods 10 minutes 
or more. Out of these, according to Tables I and ?, on 1 10 occasions the fluctuations 
were definitely associated with condensation of water vapour in the atmosphere 
t.o the extent that precipitation was observed at the station itself On the other 
hand it is significant that, according to Tables 3 and •/, there* were* only 30 occasions 
m the two years on which rain fell at the station without the miorobarograms show- 
ing any fluctuations, and that the rainfall recorded on these occasions was mostly 
very small, being only traces on 21 occasions, 0-1" or less on 7 occasions and more 
than 0-1* on only two occasions. That is to say, about 82 per cent, of the total 
number of occasions of rainfall had, associated with them, microbarographie fluc- 
tuations. 

Tables 6 and 6 show 78 occasions on which the microbarograph traces showed 
fluctuations of 10 minutes or greater period, but on which rain was not. recorded 
at the station. Out of these*, however, there were* 21 cases m which tho weather 
remarks entered against each day go to show that on those days the* barometric 
fluctuations were associated with abnormal conditions of the atmosphere, as shown 
Dy the occurrence of thunderstorm or dust-storm. Regarding the state, of the atmos- 
phere on the remaining 57 cases on which fluctuations of periods 10 minutes or more 
were observed, it is not possible to say anything definitely in the absence of a more 
detailed weather diary of cloud developments, etc. 

The times of incidence of the fluctuations in the microbarograph traces and of 
the associated subsequent rainfall may also be compared from Tables / and 2. It 
is seen that in 70 cases only the exact time of commencement of rainfall could be 
fixed from the charts of the self-recording raingauge ; in the other cases, when mostly 
the rainfall was only a trace, the hyetograms failed to show the time of the rainfall 
and hence it was possible to fix the hours only roughly between which the rainfall 
occurred. 

Taking the 70 occasions on which the time of commencement of rainfall could 
be fixed exactly, it will be seen that the incidence of the atmospheric fluctuations 


1 See also “ The study of the minor fluctuations of the atmospherio pressure ” — by Shaw and Dinos. 
Q. J. Roy. Met. Soo., Vol. 31, 1905, pp. 49. 

* “ On the barometric oscillation with period more than 10 minutos and its uso in woathor 
forecasts.” Geoph. Mag. Cent. Mot. Obsy., Tokyo ; Vol 1, 1928, pp. 304-306. 
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shown on tho microbarograms preceded the commencement of rain in 62 cases, and 
followed in only 8 cases. The average interval between the commencement of tho 
fluctuations and the subsequent rainfall is of the order of about 6 hours. Even on 
those occasions on which the commencement of rainfall could be fixed to bo between 
certain hours, it is possible to find approximately the time of incidence of rainfall or 
the manifestation of atmospheric, instability in 46 cases where adequate remarks 
on the weather situation have been given by the observers. If these probable cases 
are also taken into account, it is found that the incidence of the atmospheric fluc- 
tuations precedes the commencement of rainfall in 102 cases, follows it m 11 cases 
and is simultaneous in 3 cases That such an estimate regarding the times of com- 
mencement of rainfall is not wholly unjustified is borne out by the fact that when 
these cases are included the average interval by which the incidence of atmospheric 
fluctuations precede tin* commencement of rainfall comes out to be about o| hours, 
not very much different from 6 hours which was the value obtained by taking into 
account only definite east's 

Tlie periods of fluctuations observed on the microbarograph trac.cs range between 
1U minutes and 5l) minutes, 15 to 110 minutes being the value which is common. A 
few microbaiograms showing well pronounced pressure fluctuations are reproduced 
m Fiipnc s* / ; with flu* limes of associated weather phenomena marked on them 

Tlit' foregoing discussion of the two year’s records appears to support the conclu- 
sions ol hi unt, Fujiwhaia and Kunagawa, And, it properly observed, the peiiod of 
free oscillation ol the atmosphere may serve as a useful factor for forecasting ram. 
It seems howevei that the average interval between the incidence ot the oscillations 
ol the atmosphere anti the commencement of lain is less than 1 1 to 12 hours and may 
be only aboul half as much, i v , 5 to 6 hours, at. least in the regions lepresented bv 
Peshawar. No linthcr generalisations can be claimed from an examination of only 
two yens’ data at a single station, but we trust that this note, based upon 218 
observations, may lead towards a recognition of the necessity for a pioper study ot 
the oscillations as indicated by a mu io barograph and their relation to atmospheric 
instability and precipitation. 

Fora loan of the microbarograms and hvetograms analysed m this note we have 
to thank Fit Lt. It. U. Vcrvard, Mctcoiological Officer, It. A. F., Peshawar, under 
whose supervision the records were collected. Our thanks are also due to Mr. S. D. 
Hose oi the Meteorological Office, Poona, for help in the analysis of one year’s 
microbarograms and rainfall records. 
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Table 3. 

Rainfall without any associated ptcssuic fluctuations. 


Year 1928. 










Month 

Date 



Rainfall. 



Amount. 

K KM AIIKS 




lira 



llrs 


Indio*. 


January 

14 

At 

21 (K) 



— 


T 



2(1 

From 

17 ir> 


to 

24 00 


03 



29 

»* 

10 45 


*• 

17 15 


02 


February 

■ 

At 

19 30 



— 


T 



in 

M 

17 00 



— 


T 



13 

Bel 

10 00 


and 

OS 00 

14th 

T 



13 

At 

OS 20 



— 


T 



111 

Bet 

08 00 


and 

10 00 


T 



l ( ) 

If 

10 00 


»> 

10 (HI 


T 


M.ueh . 






Xil 




Vpul 






At l 




May . . 

J 

Bet 

08 00 

3rd 

and 

08 00 

4th 

T 

=§E 13 (M> to lb-00 and.ilho 
17 H to 19-00— 3id. 

•J mio 






Ail 




July 






A if 




\llglist . 

8 

Bet. 

10 00 


and 

08 00 

Oth 

T 

4 19-(HI to 21 -(HI— sth. 

Septcmbei 

10 

ft 

lb 00 


tf 

08 00 

17th 

T 

17-00 to 18-00 — lbth. 

< * in the evening. 

October 






Ail 




No\ ember 

29 

Bet. 

lti 00 20th 

and 

08 00 

2nd 

Dee 

70 

Intciimttmt rain. 

December 

30 


10 00 


99 

1(> 00 


T 



T moans trace of rain. 
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Table 4. 

Rainfall without 'preceding pressure fluctuations. 


Tear 1928. 

Month. 

Date. 

Rainfall. 


Remarks. 




Hrs. 


Hra 

Inches. 


Januaiy 

•n 

mm 

Bet 

10 (K) 

ami 

10 00 23rd 

T 


February 

12 

Rom 

13 4d 

to 

01 30 13th 

•08 


March . 





Ad. 



April 

<) 

Jk-t 

1(1 00 

and 

08 00 7th 

T 

75 19-13 to 19- 10 -Olh 

May 

Hi 

II 

10 00 

n 

08 00 17th 

T 


June . 

11 

»» 

10 00 


10 00 13th 

T 

Traces intermittently. 

July . 

23 

From 

09 00 

to 

14 40 

07 

"'I 75 23-30 — 24th to 02 00 


: 






)■ —25th. 



At 

19 43 


— 

T 

I 


20 

Ret. 

OS 00 

and 

10 00 

T 



31 

From 

04 20 

to 

09 30 

10 


August . 

1 

Ret 

10 00 

and 

08 00 2nd 

T 

75 19-30 to 22-00— 1st and 








02-00 to 05-00— 2nd 


1G 


10 00 

ii 

08 OO 17th 

T 



18 

At 

07 00 


— 

T 


1 


about 







2o 

Ret. 

10 00 

cl 11(1 

10 00 

T 




Fiom 

23 32 

to 

00 45 20th 

•01 

) 

•September 

i 




At/. 



October 

12 

Ret 

10 00 

and 

08 (10 13th 

T 

75 19-15 to 20-00— 12th 


22 

» 

10 oo 

it 

10 00 

T 


November 





At / 



December 

13 

Fiom 

18 15 

to 

23 30 

07 



14 


12 23 

ii 

14 50 

14 



T moans trace of ram 
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Table 6. 

Pressure fluctuations without subsequent rainfall. 


Year 1928. 

Date. 

Pressure 

Fluctuations. 

Remarks about 

Inter- 

Remarks. 

Month. 

From 

To 

weather. 

val. 



Hrs. 

Hrs. 


H. M. 


January 

3 

10 00 

19 30 





4 

10 30 

14 20 





17 

10 00 

01 00 18th 




February 

25 

11 30 

17 00 



Not well defined. 


26 

11 30 

17 30 





27 

19 00 

00 30 28th 





29 

11 00 

02 30 1st 
Mar. 




Maroh . 

1 

22 15 

00 20 2nd 





8 

12 10 

16 30 





29 

12 30 

14 30 30th 





3i 

13 30 

00 30 1st 
April 




April 

2 

11 30 

03 30 3rd 





10 

22 00 

00 45 11th 





13 

21 45 

03 00 14th 





23 

13 30 

04 00 24th 

*£ 18-00 to 18-30 — 
23rd. 

22-00 — 23rd. 

5 00 


May • 

8 

13 30 

24 00 





18 

16 00 

03 30 19th 





25 

23 30 

— 





26 

19 30 

02 00 27th 

1 

% 20-30 to 21-00— 
26th, also 22-30 
to 01-30— 27th, 

0 00 j 

1 

Not well defined. 


27 

11 45 

13 00 

1 



June • 

8 

13 30 

17 30 

^ 13-00 to 14-00— 
8th. 

0 30 



11 

15 00 

17 00 





16 

00 30 

11 00 

75 10-15 to 11-15— 
16th. 

9 45 



19 

14 30 

21 00 

^ 14-45 to 19-00— 
’19th. 

4 30 
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Table 6 —contd. 

Pressure fluctuations without subsequent rainfall. 


Year 1928. 


Pressure 

Fluctuations. 

Remarks about 

Inter- 

Month. 

Date. 

From 

To 

\i enthcr. 

val. 



Hrs 

lire. 


H. M. 

June — contd. . 

23 

15 30 

18 30 

^ 13-50 to 17-00— 
23rd 

1 30 


24 

10 3(1 

18 00 




30 

19 00 

OS 30 Ut 
July 

^ 15-30 to 10-10— 
30th 

2 50 

July . . 

1 

13 00 

22 30 

13-30 to 20-00— 
l«t. 

7 00 


4 

21 30 

04 00 5th 



August . 

4 

l(i 30 

21 00 

% 17-00 to 19-00— 
4th. 

2 30 


7 

15 00 

21 00 

^ 10-00 to 18-20— 
7th. 

3 20 


15 

16 00 

— 



September . 

5 

16 00 

— 

K 10-00 to 10-20— 
5th. 

00 


11 

14 00 

19 00 

^ 14-15 to 15-45— 
11th 

1 45 


13 

15 00 

01 00 14th 

18-25 to 19-05— 
13th 

4 in tho evening. 

4 05 


16 

13 30 

21 00 

£ 17-00 to 18-00— 
10th. 

4 30 





^ in the evening. 


October 




-Nil. 


November 

24 

22 30 

05 00 25th 



December 

10 

00 00 

10 00 




22 

07 30 

23 30 
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Table 6. 


Pressure fluctuations without subsequent rainfall. 


Year 1929. 

Date. 

Pressure 

Fluctuations. 

Remarks about 
weather. 

Inter- 

val. 

Remarks. 

Month. 

From 

(To 



Hrs. 

Hrs. 


H. M. 


January 

9 

16 20 

04 00 14th 



Intermittently. 


15 

19 30 

07 00 16th 



Fine embroidery 







superposed. 


23 

19 00 

24 00 




February 

11 

01 00 

02 00 





I 25 

09 00 

03 00 27th 




March • 

I 4 

18 30 

24 00 





1 

16 

19 30 

09 00 17th 



Feeble ; marked after 







02-00 — 1 7th. 


19 

21 30 

23 15 





25 

23 00 

23 30 





28 

23 00 

02 00 30th 

! 




31 

23 30 

10 00 1st 



Feeble after 08-00 — 




April 


, 

1st. 

April . 

3 

02 30 

13 30 





5 

01 45 

02 30 





23 

23 15 

06 30 24th 





28 

22 45 

03 00 29th 

£ 15-00 to 15 45— 

7 00 






28th. 




29 

23 30 

01 45 30th 




May 

1 

00 00 

08 00 




June 

3 

18 20 

24 00 





24 

20 30 

06 00 25th 





30 

13 00 

20 00 




July 

6 

00 00 

06 00 





13 

17 15 

23 30 





28 

10 00 

17 16 

(5 09-45 to 15-30— 

2 45 






28th. 



August • 

2 

13 30 

14 25 

ft 03-16 to 03-30— 
3rd. 

13 30 



3 

15 45 

09 00 4th 

ft 21-15 to 24-00— 

Bir 1 






3rd. 




4 

12 30 

20 00 


■ 



5 

04 30 

08 00 
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Table 6 —contd. 

Pressure fluctuations without subsequent rainfall. 


Year 1929. 

Date. 

Pressure 

Fluctuations. 

Remarks about 


Month. 


To 

ueather 

val. 



Hrs. 

Hrs. 


H. Ms 


21 

04 00 

08 30 




31 

16 30 

20 30 



September 

12 

16 00 

17 45 




13 

02 00 

04 15 




13 

15 15 

20 00 




18 

20 00 

22 15 

17-00 to 18-00; 
ft 19-15 to 20-15— 
18th. 

0 00 

Ootober 

2 

05 25 

21 30 

15 05-00 to 05-30 

0 00 


10 

15 45 

22 00 



November 

1 

23 00 

02 15 2nd 

^ 17 40 to 19-00— 

1st. 

4 00 


25 

07 40 

09 45 



December 

8 

04 30 

24 00 




28 

18 00 

21 30 
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Svmmmy -- Tile rainfall lecoidR of the Quetta obbcivutuiy fc >1 the ]X‘iuxl, .1 ul % \ 192ti to June 
1931 ha\e been analysed Tables showing thehouilj vaunt ions of rainfall amount, frequencie* 
of occasions of lamfall and average amount of precipitation foi each hour with tain during the 
\arimiR seasons have been iriven 

The study of winds at 0 5 Km above ground and 3 Kms above sea level o\er Quetta on lamy 
days has led to some useful conclusions in repaid to the forecast of lainfall at Quetta and its 
neighbourhood 

1 The Quetta city lies on a valley at the head ol the* Bolan Pass «it a height of 
about 5 500 ft above mean sea level The R A V Meteorological observatorv is 
situated near the aerodrome about two miles awav from the city, the neaiest lulls 
being at a distance* of four to five miles to the north and east of the observatorv 

A continuous record of the hourly values of lainfall at Quetta was obtained from 
Juh lftMi, when a self-ieeording nun -gauge of the* tilting bucket tvpc was in- 
stalled, with the urn of the funnel at a height of 2 ft f> ins above giound, in the obser- 
vatory enclosure at a distance of about 50 ft to the* ne>rth of the other building 
Other R A F buildings m the vicinity of the ciiclersuie are at a sulheient distance* not 
to vitiate the e*\posuie of the iam-gauge*, wlue*h may be considered tei be quite 
sa t i start or v 

2 Mcteorologicallv, the* ve*ar at Quetta mav be divided intei font main seasons, 

n : , 

(1) Winter period- December to Mid-April 

(2) Post -Winter period- Mid-April to June 

(3) Summer (e>r Monsoon) penexl- July to September 

(4) Pre-Wmtei penoel- October and November 

Tnlike over other parts of India, the monsoon plays only a minor part m the 
production of rainfall at Quetta, whore the winter characteristics of wvather prevail 
during the greater part of the year The usual nomenclatures of " pre-monsoon ” 
and “ post-monsoon " for the transition penods have, therefore, been substituted by 
“ post-winter " and “ ])re-winter ", respectively 

In the winter period, disturbances from the west approach north-west India and 
affect north Baluchistan on about four to five occasions on the average per month 
The frequency of approach and the nature of such disturbances remain more or less 
Mil DO Ob. ( 49 ) B 
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the same from December to mid- April. The monsoon rains over this part of the 
country generally occur in July and August, the first advance of the south-west 
monsoon reaching this region only about the beginning of July or towards the end 
of June. September is the driest month at Quetta, but the little precipitation that 
occurs m this month is caused by an occasional revival of the south-west monsoon 
The remaining months of the year. mid-April to June, and October and November, 
may be classified as post -winter and pre-winter periods, respectively. During the 
former period, the western disturbances continue to affect north Baluchistan but are 
less frequent, and. as they gradually recede to higher latitudes and are comparatively 
feeble, the disturbed weathei caused by them is generally of a more localised character 
Further, rainfall during this period is not always associated with a western distur- 
bance but may also be caused by the development of a local depiession with the 
intensification of the seasonal low over Sind and Baluchistan The winter charac- 
teristics of weather over north Baluchistan begin to develop about the beginning 
of October, when the western disturbances, which are absent m the monsoon season, 
commence to make their appearance over the frontier Owing to then general 
feebleness, comparatively less frequency and passage through regions of higher lati- 
tudes, they do not. liowevei. cause sufficient precipitation until December 

3 Table / gives the hourly distribution of rainfall amount (total of five 
years, July 1920 to June 1931) in different months and seasons as well as foi the 
whole year The comparison of the figures in the last two columns of the table 
shows that, on the average, rainfall per annum during the period undei considera- 
tion was somewhat less than normal The month of August was remarkably drv 
while February and December weie wettci than usual Table II gives the total 
number of times in the fi\e wars undei consideration m which different horns of the 
da\ weie associated with lainfall {(MU' or more) in various seasons The above 
hourb values ha\e also been expressed as peicentages of the total number for each 
season, and the percentage frequencies given in brackHs Table III gives informal 
tion similar to that m Table II. the only difference being that, in this table, only 
those hours have been included in which precipitation amounted to (I • 10" or more. 
In Table / T is given the aveiage amount of precipitation for each hour with ram, the 
figures being obtained by dividing the amounts under different hoins in Table I bv 
the corresponding figures in Tahh II. 

Table I shows that the amount of rain in any hour is highest in the winter 
season, the total amount m winter during the five years under consideration consti- 
tuting more than 80 per cent of the total precipitation during the whole penod In 
all the four seasons, there appears to be a preponderance of rainfall during the after- 
noon hours, the effect being most marked in the monsoon period. July to September 
Table II show’s that the chances of precipitation occurring at different hours are more 
or less equally distributed in the winter season, while in the monsoon the occurrence 
of rainfall is practically restricted to the afternoon and evening hours As much as 
88 per cent of occasions of rainfall during the latter season are between 130(1 and 2200 
hours, and nearly 1 0 per cent of total rainfall in the five years under consideration 
occurred between 1300 and 1900 hours The transition (post- win ter and pre- winter) 
periods exhibit a preponderance of occurrences of rainfall in the afternoon hours, but 
there is a fair distribution at other hours also It is seen from Table III that rainfall 
amounting to 10 cents or more is practically restricted to the afternoon hours except 
m the winter ; in this season precipitation of this amount may occur at all hours, 
although the frequency is greatest in afternoons and evenings. 

Rainfall during the winter, and to a certain extent in the two transition periods, 
is associated with the disturbances which enter north-west India from the west. 
The rainfall m winter is, therefore, largely of the frontal type, and, consequently, the 
time of its occurrence does not show any marked preference for a puT+innlnr period 
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of the day. It will, however, be seen from Table III that precipitation of compara- 
tively large amounts occurs somewhat more frequently in afternoon and evemng 
owing to the greater instability of the atmosphere at those hours In the monsoon 
season, rainfall at Quetta is rarely caused by the direct influence of the westward 
moving depressions from the Bay of Bengal, but chiefly occurs as a result of the 
occasional incursions of the monsoon into the strongly heated region to the west of 
the Indus The instability set up on such occasions under the strong insolation 
m afternoon seems to be the most important factor m the pioduction of rainfall 
dunng this season Rainfall m monsoon is generally associated with thunder and 
lightning, Table V, giving the frequencies of thunderstorms at Quetta in different 
months, confirms this statement 

Table* II and III are of inteiest inasmuch as they confirm the existmg ideas 
icgaidmg the dilleience m the chaiactei oi rainfall in the two seasons The distribu- 
tion of pei centuge frequencies of occunence ol rainfall at different hours m the two 
transition periods shows the mixed characteristics of the winter and monsoon 
seasons 

4 Normal percentage* frequencies of morning winds in eight directions at 
Quetta, at 0 o Km above ground and .3 K ms above* sea lex el and also their fre- 
e|uene*ies on ramv days at these two heights are* given in Tables VI and VII, and 
show'll giaphie*allv in Faj 1 (a to h) It is found that in winter anel the transition 
periods the* frequence erf wrnds with southerly components on rann elays is greater 
than the nnmal frequence based on all days, while in the memsoon season NE’ly 
to BE Iv winds at 0 5 Km and Nly te> Jfi'ly winds at :3 Kills are more frequent on 
lainy days than normally Thus the backing erf the pie*\ ailing AV’lv to NW’ly winds 
tow a re Is S indicates the* possibility of rainfall at Quetta except m the monsoon season, 
when one* shoulel expect the* greatest chance of precipitation if the wind backs 
towaids K err XE It would thus appear that winter rams, and rainfall in the post- 
winter anel pre-xx intei periods are clueflv elue ter the moistuie* drawn frerm the Arabian 
sea, while* m the monsoon season the easteih ram bearing winels aie* purtlv drawn 
Irom the* Arabian sea anel an* paitlv a e*erntinuation ol the* defle*cte»el current of the 
Bax me ruse roil 

fj In ore lei ter find out the elistrihutiern ol rainfall amounts accoieling to different 
elircctiems erf winds, the frequency of wind directions at 0-5 Km. abox r e Quetta and 
:i Kms above sea level, when available, on rainy days during the various seasons, 
terge*the*i with the amounts of precipitation corresponding to different directions, 
haxe Ireen given in Tables VIII and IX Three different cases have been con- 
sidered, e<j., (i) winds of all velocities, (*i) winds with velocity -- or > 8 
m p h , and (m) winds xxith velocity or > Hr m ]r li In this connection, morn- 
ing err afternoon winds have been taken into consideration according as the rainfall 
occ uried between 0800 hrs and 1700 hrs or between 1700 Ins and 0800 hrs on the 
following morning. From the data collected in the above tables, two more Tables , 
X and XI have been compiled. These give the average amount of precipitation 
per o< i asion of rainfal 1 associated with winds between BE and S W , as against 
that with w T inds hung outside these* two directions in xvinter and transition periods, 
and the axerage precq.it at ion wntli winds betxxeen NE and BE as compared 
with that associated with winds from other directions during the monsoon season. 

It. will be seen that the average rainfall per occasion associated with SE’ly to 
KVV’lv winds is appreciably greater than that with other winds durmg the winter 
and pro- winter periods, w hilo during the monsoon season the average precipitation with 
SE’ly to Sh’ly winds is greater than that with winds from other directions. The 
post- winter peiiod shows some anomalies, those being mainly due to one occasion 
of heavy (U-60") ramfall associated with a NE’ly wmd at 0*5 Km. and Ely wind at 
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3 Kms. on June 27th, 1931, a date which falls too late in the post-winter period, and is 
expected to be influenced at times by the characteristics of the monsoon season 
The unusually high values associated with winds of velocity 16 m. p. li or above 
during the monsoon and post-monsoon periods are also accountable to one occasion 
of heavy fall m each case. 

It will be further seen from Table* X and XI that, with favourable wind direc- 
tion, a\erage rainfall per occasion generally increases with the strength of the wind. 

6 Although it is realised that the available rainfall data are not sufficiently 
extensive to give reliable mean values of amount ol rainfall, number of occasions of 
precipitation, etc , at different hours it is thought that the above analysis based on 
five years' data gi\es a fanl) approximate idea as to the nature of their variations 
from season to ^\i*onand in different paits of the dav. Fuithei, the characteristics of 
upper winds on rainy da}s in different seasons, as revealed by the above study will, 
in all probability, hold good after a scrutiny of data extending over a larger number 
of years. 
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13-14 

14 l r , 

1 6 16 

lh 17 

17 IN 

IN 10 

10- JO 

20-21 

21-22 

22 23 

23-24 

Total 

Average 

based 

on 

6 yean' 
(lata 

Normals 

baaed 

Oil 

43 years' 

1 coords 

u hr 

0 lh' 

0 1] 

0 or 

0 10' 

0 43* 

0 JH" 

0 47* 

0 3.v 

0 22* 


B 

1 64* 

J 9.3* 

0 hi 

0 01 

0 1,7 

0 77 

0 64 

0 00 

0 .17 

u .10 

0 40 

0 .36 

0 42 

13 43 

2 69 

1 86 

0 21 

0 J4 

0 31 

0 .11 

(1 4.1 

0 .1.3 

0 .14 

0 27 

0 26 

0 24 

0 06 

1 JO 

1 04 

1 88 


0 01 

0 14 

0 hi 

0 10 

0 J r » 

0 48 

0 46 

0 24 

0 07 

0 02 

1 62 

0 72 

1 03 

0 JO 

0 11 

0 03 

0 IN 

0 10 






0 0.3 

0 82 

0 16 

0 37 


0 oj 

0 01 


0 01 

0 lh 

0 01 

0 ON 

0 08 

0 04 

0 06 

0 63 

0 13 

0 16 

0 U 

0 Jh 

1 1 > 

0 10 

0 11 

0 .11 

0 17 

0 11 

0 Jl 

0 07 

0 OJ 

1 10 

0 72 

0 63 

0 0*j 



0 ON 


0 OJ 






0 24 

0 or, 

0 46 

0 011 

0 |0 

0 or 

0 Is 

0 ol 




i 



0 4.1 

0 00 

0 07 


0 0{ 

0 OJ 

0 OJ 

0 111 







0 018 

0 04 

0 13 

0 Jo 

0 |J 

0 III, 


0 01 


0 Oh 

0 OJ 



0 oj 

1 .10 

0 28 

0 .32 

0 34 

0 to 

0 11 

0 ill 

0 JO 

0 Jl 

0 to 

0 IN 

0 lh 

0 23 

0 17 

h Oh 

1 3.3 

0 92 

1 81 

1 hh 

J 11 

J hi, 

J 0, 

J 01 

1 07 

1 'Hi 

1 .31, 

1 IJ 

1 OJ 

.lh 6Q 

7 34 

7 28 

0 JO 

0 10 

0 J1 

0 J1 

0 Jl 

0 IN 

0 07 

0 Oh 

0 12 

0 01 

0 00 

1 80 

0 .18 

0 86 

0 Jh 

0 17 

1 II, 

0 71 

0 1J 

0 11 

0 17 

0 II 

0 Jl 

0 07 

0 OJ 

4 28 

0 86 

1 16 

0 JO 

0 11 

0 OS 

0 OJ 

0 01 


0 06 

0 OJ 



0 OJ 

1 .17 

0 .31 

0 46 

2 .11 

2 17 

1 1,4 

1 6h 

J 86 

J 11 

J 27 

J 00 

I 71 

1 2.) 

1 11 

44 43 

8 89 

9 76 







5 « 


ROY AND BHATTACHAKYA 


Table 

Number of timet m which different hours of the day in i vinous unisons were associated 
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II 


with rainfall (0*01" or more) and their percentage frequencies in brackets , 
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Table V. 


Thunderstorm Frequencies (July 1926 to June 1931). 
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Table VI. 


Percentage frequencies of mnds at 0-5 Km. above ground over Quetta. 


— 

N 

NE 

E. 

SE. 

vS 

SW 

W. 

N\V. 

("Normal 

8 

2 

1 

6 

30 

6 

18 

32 

Winter . . . < 









L R ainy day 

1 

1 


7 

61 

20 

9 

4 

J" Normal 

6 

1 


4 

26 

10 

24 

30 

Poet- winter . . < 









^ Rainy day 

6 

6 

• 

13 

57 

6 

13 

•• 

f Noimal 

8 

1 

1 

10 

31 

14 

18 

18 

Monsoon * 









^ Rainy day 

9 

4 

26 

17 

34 

4 

• 

4 

f Normal 

17 

3 


4 

14 

5 

17 

40 

Pre-winter . . -< 









L Rainy day 




17 

17 

33 

17 

17 


Table VII. 


Percentage frequencies of uwds at 3 Kms. above sea level ovei Quetta. 


— 

N 

NE 

E 

NE. 

N. 

SW 

W. 

NW. 

("Normal 


5 



1 

7 

18 

22 

46 

Winter . . .4 










L Rainy day 


1 


• 

1 

20 

42 

28 

6 

("Normal 


7 



1 

4 

10 

24 

54 

Post-winter . 4 










L Rainy day 



* 

6 

6 

6 

38 

31 

3 

("Normal 


6 

3 

2 

1 

3 

7 

31 

49 

Monsoon . . < 










L Rainy day 


30 

34 

13 


•• 

9 

9 

■ 

f Normal 


17 

1 

1 


4 

7 

21 


Pro- winter . . < 










L Rainy day 







50 

50 
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Table VIII. 


Distribution of occasions and amount of rainfall according to winds at 0*5 Km. above 

ground . 


— 

N. 

NE. 

E. 

SE. 

s. 

sw. 

w. 

NW. 

Winter Period.— 









f (a) . . 

1 

1 

3 

11 

63 

24 

19 

9 

Irrespective of velocities V 









1(6) • 

0 17" 


o 55" 

0 93" 

12*65" 

3 56" 

1 44" 


f(a) . 


. 

l 

7 

50 

14 

11 

4 

Velocity =or> 8 m.p.h. •< 









1(b) 

• 


() 04" 

0 66" 

9-95' 

2 16" 

0-92" 

0 12" 

f (<*) 




4 

26 

7 

4 

1 

Velocity= or>16 m.p.h 









l (6) 




0 30" 

5 70" 

1 22" 

0 32" 

001" 

Post-winter Period — 









f<«) 

1 

J 


2 

11 


1 

l 

Irrespective of velocities < 









1(6) 

0 10" 

0 60" 


O 20" 

0 72" 


0 23' 

0 03" 

f(») 




1 

9 


1 

1 

Velocitv=oi>8 m p.h 4 













0 12" 

0 65" 


0 23" 

0 03" 






4 


1 


Velocitv = or> 16 in p.h. ^ 














O 12" 


0-23" 

- 

Monsoon Period— 









f(«) • 

3 

1 

6 

4 

0 

3 

2 

3 

Irrespective of \elocitios 









• 

0* 12" 

o or 

i «r 

0 2.7" 

L 00" 

0 45" 

0 30" 

0-23" 

f(«) • 

1 

i 

5 

2 

5 

2 

1 

1 

Velocity— or >8 m. p.h. 









t(6) • 

0 02" 

o or 

1 76" 

0 15" 

0 61" 

0 17" 

repi 

0-14" 

f(a) . 

1 


i 

1 


1 


i 


Velooitv = oi> 16 in p.h. < 



l 





* ' 

\(0) . 





0 18" 


0 04" 

•• 

Pre- winter Period. — 









[(a).. 





2 

2 

2 

2 

Irrespective of velocities < 









1(b) . . 







0-20" 

019" 

Ha).. 

, # 

t # 



i 

2 

1 


Veloeity=or>8 m.p.h. < 








* * 

{(b).. 

♦ 

•• 



M§|g| 


Kyggii 

• • 

f (a) . . 


. 



1 




Velocity « or > 16m.p.b.4 









1(6). 


• • 

• • 


m 





(a) Number of occasions ; (6) Total Rainfall, 
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Table IX. 


Distribu tion of occasions and amount of rainfall according to winds at 3 Kim. above Sea 

level over Quetta. 
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Table X. 


Amount of rainfall per occasion associated with winds at 0-5 Km. above Quetta. 







With 

SE to SW'ly 
winds. 

With other 
winds. 






Winter period — 

Irrespective of velocities . . 

. 




0*18* 

0-08' 

Velocity = or > 8 m p h. 





0*18* 

0-07' 

Velocity = or > 18 m p.li 





0*19* 

0 07' 

Post-Winter period — 







Ii respective of velocities . 

•• 




0 07' 

0-26' 

Velocity = or > 8 m p li. 





0 08' 

0-13' 

Velooity =or > i 0 m p h. 





0 03' 

0-23' 

Pre- winter period — 







Irrespective of velocities . 





0-27' 

017' 

Velocity = or > 8 m.p.h 





0 30' 

0 05' 

Velocity = or > 16 m p li 

• 


•• 


0-74' 

•• 

Monsoon period — 

Irrospef *ti\ e of \ eloeit ios . 





With NE to 
NE’lv winds. 

0 20' 

With other 
winds. 
0-11' 

Velocity = or > 8 m p.li. 

•• 


•• 

•• 

0 24' 

010' 

Velocity = or > 18 m pb. 

•• 

■ • 

•• 

•• 

1 26' 

0-08' 


Table XI. 


Amount of rainfall per occasion associated with winds at 3 Kms. above Sea level over 

Quetta. 


— 

With SE to 
SW’ly winds. 

With other 
winds. 

Winter period - 

0 18' 

0 IT 

Irrespective of \elot it les . 

Velocity = or > 8 in p h 

0 18' 

0 11' 

Velocity = or > 16 m p h 

0 22' 

0-09' 

Post-wintei period — 

0 00' 

0-17' 

Irrespective of velocities . 

Velocity = or > 8 m p li 

0 06' 

0-25' 

Velocity = or > 16 m p h. 

0 09' 

0-23' 

Pre- winter period — 

0 19' 

014' 

Irrespective of velocities 

Velocity = or > 8 m p h 

0-31' 

0-14' 

Velooity = or > 16 m p h 

0-74' 

017' 

Monsoon period — 

With NE to 
SE’ly winds. 

With other 
winds. 

Irrespective of velocities 

0*17' 

0:09' 

Velocity =» or > 8 m.p.h. 

017' 

00H' 

Velocity » or > 16 m.p.h. • • ■ • • • • • 

0*47' 

0 03' 


Ml lDGOb— 860— 25-1 1-32— GI PH 













PERCENTAGE FREQUENCIES OF UPPER WINDS AT QUETTA 

FIG. 1. 


ERRATA. 

Tn curved c , d, g and h for “ pre-monsoon and post-rr.onsoon ” read “ post-wmler and 
pre-winter ” respectively. 
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Abstract. — In 1914 G T. Walker published tables foi picking out significant correlation co- 
efficients or periodicities from among a mimbei of them According to him those values are signifi- 
cant u Inch have a random chance of less than 5U per cent, for occui ring In this paper tables have 
been given foi selecting those values foi the oceurienco of which bv random thoie is a chance of less 
than 5 por cent Tables have also been givon foi < al (Mil a ting the chance of sum css of a forecast made 
using a regression formula 

Introduction - -In 1914 ({ T Walko ( A ) published tallies extending Pearson 
and FiIoii h ( 2 ) formula for tin* error of a mu elation coeflicient so as to make it 
applicable* for finding the significance 01 otlieiwise of <1 r (* from among a number 
of them In flic same papei lie gave tables extending Schuster’s criterion ( 8 ) to 
determine which of a number of calculated pc nodi cities mu lx* considered real. 
The wav m winch these tables are to In* used will Ik* found m (I), (5) and (12) 

Two objections may be raised against the liist set of tables In the first place, 
Pearson and Filon’s formula ( 2 ) for the error of a (- (’ is approximate and does not 
hold when the number of data used for eon elating is small This objection may, 
however, be overcome by using Fisher’s “ z ” ( 6 ) instead of t The exact method 
will be found on page 74 of (7). 

The second objection appears to have been first raised against the second 
set of tallies, referred to above, by Dinsmoro Alter ( 8 ) and is applicable to the first 
set of tables as well. The objection may be briefly stated thus 

Walker’s tables (*) were constructed to give the ptobable value of the highest 
C. C. or of the highest intensity of a periodicity from among a number of random 
ones This means that the chance of getting values not less than this is even 
( i-e 50 per cent.). Now, as Dinsmore Alter ( 8 ) has pointed out, many would 
consider this a somewhat lenient test of significance. One would therefore like to 
have a more stringent test 

Tables extending Walker’s criteria.— To be quite sure that a result is signi- 
ficant some persons have laid down that it must not be less than four times 
its standard error, see for example page 38 of (9). This .appears to be a very strict 
standard, for, on the assumption of the normal law for errors, the chance of getting 
such a high value by pure chance is about 6 in 100,000 or less than 0-01 per cent. 
MSDOGb ( 31 ) 
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A much less stringent test is that which appears to have been first recommended by 
R. A. Fisher and is his 5 per cent, t * st According to this test, all values, for obtain- 
ing which there is a random chance of not more than 5 p* ** cent , will be considered 
significant. This appears to have been moie or loss accepted now-a-days, see 
e.g. (10). It was therefore thought worth while to recalculate Walker’s tables 
on the basis of this limit of significance 

The method of calculating the tables was the same as that suggested by 
Walker ( l ), except that 0*95 was used instead of £ for the chance As it was 
thought advisable to combine Walker’s and the present tables mto one, the probable 
value of a single random 0. C. or of the intensity of an accd uital periodicity was 
taken as the unit in computing the new tables. These tablics are given as Table 1 
at the end. 

Method of using Table I. — The tables (A and A!) will be found useful in an 
investigation like the following 

Example (1). — With a view to obtaining a forecasting formula for the rainfall 
of Siam, the latter was correlated with some data at 20 different meteorological 
centres. Which of these coefficients may be considered significant, if the number 
of elements for each be 25 ? 

Using Fisher’s u z ”, mentioned above, we get 

Probable error of z = + - 

y/n - 3 

In our example, w == 25. 

Probable error of z = + 0-144. 

(1) If we are satisfied with Walker’s limit of significance, we must use the value 
of A in Table I corresponding to AI = 20 In this case, 

“ Probable ” highest value of z due to pure chance = 0* 144x3* 14. 

= 0-452. 

The corresponding value of r may be obtained from the tables given on page 
177 of (6) and is 0-42. Hence, on Walker’s limit of significance, all values of the 
C. C. above 0-42 are to be considered significant 

(2) For Fisher’s limit of significance we must use the value of A, in Table I 
corresponding to M = 20. We have— 

u 5 per cent, chance” highest value of z due to accident = 0- 144 X 
4-48= 0*645. 

The value of r corresponding to this is 0*57. 

Hence in this case no value of a C. C. less than 0*37 will be considered significant. 

An equally important question is . “ Having selected a C. C. as significant 
what are the limits between which its true value is likely to lie ? ” Suppose the 
value of a selected C. C. is 0-66 and its probable error is +0*12, then 0-66 — 0*12 
and 0-66 + 0* 12 ( i.e , 0-54 and 0*78) mav be called the “ probable ” limits within 
which the true value lies. That is to say, there is only a chance of 25 per cent, that 
the true value is less than 0-54 and 25 per cent chanc* 1 that tin* true value is more 
n I?’ \ f ’ w< ; are 50 per cent, sure that, the true value lies between 0-54 and 
on- , ^ ^ ^ere he only a 2J per cent, chance that the true value of another 

or CSS au ^ per cent, chance that it is above 0-88, ie., if we 

are Soper cent, confident that the true value lies between 0*23 and 0*88, we may 
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call these limits the “ 95 per cent ” limits. The “ probable ” and the “ 95 per 
cent ” limits of a selected C C. can be found as shown in the following example. 

Eeamplr (2) Out of 20 random C. Cs., for each of which » = 30, a selected 
0. ('. lias a value 0-51 To find its " piobable ” and “ 95 per cent.” limits. 

“ s ” corresponding to r -- 0-51 is 0-502 

The probable emu of a single random z — + - 

V 27 

= + 0- 130. 

(i) To find the “ probable ” limits we multiply + 0-130 by 3-14, which is the 
value of A in Table 1 corresponding to M — 20, and thus get + 0-408. 

Hence the “probable” limits of z are 0-502 + 0-408. The corresponding 
values of rare: iq = 0-15, and t 2 = 0-75. 

The “ piobable ’’ limits of the C C 0-51 are 0- 15 and 0-75 

(n) For the “95 per cent.” limits wo use the value of A! corresponding to 
3/ = 20 We get Jr 0-13 4-4H- + 0-582. 

The “ 95 per cent.” limits of z are 0-562 +0-582. The corresponding values 
of r are : r x — — 0-02 and r 2 = 0-82. 

.*TThe “ 95 per cent.” limits are — 0-02 and 0-82. 

Incidentally we may also see that 0-51 is significant according to Walker’s 
criterion since the “ probable ’’ limits have the same sign, while according to the 
“ 5 per cent.” test it is not. significant, as the “ 95 per cent.” limits have opposite 
signs. Even the “ probable ” limits are so w ule apart that we cannot attach much 
importance to the value 0-51 

With regard to the second set of tables, B, given by Walker in the same Memoir ( l ) 
for finding the significance of harmonic penods a further objection may be 
raised. .Schuster’s result, which lias been used by Walker, namely, that the 
probability that owing to random chance the intensity (t.e., square of the ampli- 
tude) of a period will exceed h times the average intensity is e~ h is strictly true if 
the average intensity is obtained from a number of random samples from the 
Bump population. But in a large number of cases there is only one sample and we 
cannot assume that the average intensity obtained from that sample is the true 
average. Hence W alker’s tables need correction. 

The correct value of the requited chance has already been given by Fisher ( 1S ). 
Accor ding to Fisher’s investigation the probability that the largest of the n inten- 
sities in a penodogram should exceed g by mere chance is 


+ FTFri (, - w • 

where k is the largest integer less than - and g is any intensity expressed 

9 

x i 


as a fraction of the total intensities, i.e. t = 


X x +^2 + +®W 


where 


x v x z , n are the n intensities. 

In the same paper ( 13 ) Fisher has also given the 5 per cent, values of g for values 
of ft from B to 50, but the unit he has used is different from that of Walker. In 
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the present paper a few of Walker’s values, B, have been recalculated using the 
accurate formula (1) above and have been given as Bin Table I. Fisher’s 5 per 
cent, values of g have been converted to Walker’s unit, which is the average 
intensity, and are given under B t in Table I. Some other values of B x have also 
been calculated and given m the same table. The method of using these tables 
is so straight-forward that it is not considered necessary to give any illustration. 

Tables for calculating the chance of success of a forecast.— The seasonal forecasts 
issued by this Department in the past often contained the word “ normal ” and 
other terms that may have conveyed different ideas to different people. In 1930 
Dr. C. W. B. Normand, the Director General of Observatories, decided that an 
effort should be made to avoid ambiguity by a more definite statement of limits, 
such as “ Rainfall will be below 80 per cent of the average ” or “ Rainfall will lie 
between 70 and 90 per cent, of the average ”. This suggestion could not be taken 
up until the forecast formulae were brought up to-date. In January 1931, this 
piece of work was over and the suggestion was given effect to in the very next 
forecasts issued in June 1931 A similar suggestion in a slightlv extended form has 
also been made independently by H. M. Treloar ( n ). 

In order to find out quickly the chance of success of a forecast or to determine 
the forecast that will have a given chance of success, tables were calculated at the 
instance of Dr. Normand. As it is believed that these tables will be found useful 
by forecasters elsewhere, they are given at the end as Table II. 

Method of calculating the tables. — Let j be the departure from normal of an ele- 
ment to be forecast, y the departure calculated from a regression formula having a 
C. C. equal to r. We can write 

x = y + t, 

where t is a quantity which is statistically independent of //. jl , of course, is not 
known when the forecast is made. 

Suppose the forecast issued is that the departure from normal will not be less 
than c, then it is easy to see that the chance of success for this forecast is the same 
as that for t not having a value less than c - - //. This chance can be calculated from 
the usual tables* on the assumption that t obeys the normal law and remember- 
ing that y/1 — r 2 . As we can compress the tables very much by 

using as the unit, Table II was calculated in this manner. Theoretically 
the chance of success is given by 



Method of using Table II. — In the above illustration, the chance of success for 
the forecast is the value of p in Table II corresponding to 

a — and r. 
x 

Example (3). — For the Peninsula (June-September) rainfall formula, r =0 • 69. 
^ + 3*30 ¥ , what is the chance that the actual will not fall below 95 per 

cent, of the normal ? 

For this formula x = 5* 3* and the normal is 34 *1*. 

* Tables for Statisticians and Biometrioians edited by Karl Pearson and published by the 
Cambridge University Press* 



tables extending walker's criteria, etc. 


36 


1 *71+3*30 

.*. c = — ^ x 34*1 = — 1*71 and consequently a — — = — 0*96. 

D'u 

Using the table for r = 0-7 (nearest to *69) we see that the required chance 
of success is p = 0-91 (by interpolation). 

Example {4). Suppose m the above example, the forecast had been “ Rainfall 
will be abo\ e 95 per cent, of the average but not exceed it by more than 10 per cent.”, 
the chance of success of this forecast can be calculated as follows : — 

The chance that the rainfall will not fall below 95 per cent, of the normal is 
0*91 (as calculated above). Similarly we can find that the chance that the rainfall 
will exceed the noimal by 10 per cent., i.e , will not fall below 110 per cent, of the 
normal, is 0-50 

.“. The chance of success of the forecast =0*91 — 0-50 

= 0*41. 

It may be noted that no values have been given corresponding to r less than 
0*4, excepting 0 0. This is because it is believed that no one uses a formula 
which has a V. C. less than 0- J for forecasting purposes. The values corresponding 
to /•=() 0 ha\e, however, been given to enable the forecaster to see what the 
chances of success the same forecast would have had if it had been made at random, 
in order that he might consider whether it was worth while giving that forecast. 
In the previous example (3), it is easily seen from the tables that the chance of 
success of th( same forecast, if made at random, is only 0-6(5 ana is much less than 
that of the same forecast given on the strength of the forecasting formula. Hence 
few would disagree w r ith the issuing of the forecast under these conditions. 

In conclusion, we wish to thank the Director General of Observatories, Poona, 
for having kindly permitted us to make use of the calculations carried out m the 
statistical branch under him 
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Table I. 


A, A 1 and B, B v are the ratios of the probable and the 5 per cent, value of the 
greatest of M accidental correlation co-efficients and intensities of periodicities, 
respectively, to the probable value of a single one. 




C. C.'s 

Peuodicities. 


C. C.’s 

Periodicities. 


M 

A 

Ai 

B 

Bi 

M 

A 

Ax 

B 

Pi 



(60 %)• 

(S %)• 

(80%) 

(5 %). 


(60%). 

(5%). 

(60%). 

(«%) 

2 

.. 

1 56 

3 32 

1-50 

1 95 

30 

3*37 

4*66 

3*83 

5 "» 

3 

•• 

1 87 

3 55 

1 78 

i oi 

32 

3 41 

4 69 

3 87 

6*02 

4 

• 

2 09 

3 69 

2 00 

3 07 

34 

3*44 

4*71 

3 93 

6 09 

6 

• 

2 25 

3 81 

2 18 

3 42 

36 

3 47 

4 73 

3 99 

6*16 

0 

•• 

2 38 

3 90 

2 34 

3 70 

38 

3 51 

4 76 

4 04 

6*27 

7 


2-48 

3 98 

2 37 

3 03 

40 

3 53 

4 78 

4 08 

6 30 

8 

•• 

2 67 

4 05 

2 59 

1 13 

15 

3*60 

4 83 

4 20 

0 44 

0 

• 

2 65 

1 11 

2 69 

4 30 

50 

3 65 

4 88 

1 31 

6*57 

10 


2 72 

4 15 

2 79 

4 45 

35 

3 70 

4 92 

4*39 

6*69 

12 

•• 

2 83 

4*24 

2*95 

4 59 

60 

3 75 

4 96 

4 48 

6*79 

14 

■ ■ 

2*93 

4 32 

3 10 

4*92 

65 

3 79 

4 99 

4 56 

6*88 

16 

•• 

3 00 

4 38 

3-20 

5 11 

70 

3 83 

5 01 

4 63 

6 97 

18 


3*08 

4*44 

3-31 

5 27 

75 

3 86 

504 

4*70 

7 05 

20 


3*14 

4 48 

3 42 

5 41 

80 

3 89 

5 06 

4*76 

7*12 

22 


3*20 

4*52 

3-51 

5 54 

85 

3 92 

5 09 

4*82 

7*19 

24 

•• 

3*25 

4*55 

3 60 

5*65 

90 

3 95 

5*11 

4*88 

7*25 

26 


3*29 

4*59 

3*67 

5*76 

95 

3*98 

5*13 

4*93 

7*32 

28 

•• 

3*34 

4*63 

3*75 

5*85 

100 

4*01 

5*15 

4* 8 

7-38 
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A, A l are the ratios of the probable and the 5 per cent, value of the greatest 
of M accidental correlation coefficients, to the probable value of a single one. 
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Table II. 

Chance that the unpredictable portion (in terms of x) of the element 
forecast does not fall below ‘ a ’ when r is equal to : 


A 

0 

•4 

•46 

D 

-66 

•6 

•65 

D 

•75 

•8 

•85 

m 

•95 

— 1-5 

•93 

•96 

•95 

•96 

•96 

•97 

98 

•98 

99 

•99 

1 00 

1-00 

B 

— 1-4 

•92 

94 

•94 

•95 

•95 

•96 

•97 

•98 

98 

99 

100 

100 

1-00 

— 1*3 

■90 

•92 

•93 

•93 

•94 

95 

96 

•97 

•98 

•98 

• 9 ' 

1 00 

100 

— 1-2 

•88 

•90 

•91 

-92 

•93 

-93 

94 

95 

•97 

98 

99 

1-00 

1 00 

— M 

-86 

•88 

•89 

■90 

■91 

•91 

93 

•94 

•95 

97 

98 

•99 

100 

—10 

•84 

•86 

•87 

87 

88 

89 

91 

•92 

94 

•95 

97 

99 

1 00 

—00 

•82 

•84 

•84 

•85 

•86 

•87 

88 

! 

90 

92 

93 

96 

•98 

100 

— 0-8 

•79 

•81 

•82 

•82 1 

i 

•83 

•84 

85 

•87 

89 

•91 

94 

•97 

•99 

— 0-7 

•76 

78 

78 

79 

80 

81 

82 

! 

•84 

86 

88 

91 

•95 

•99 

—06 

•73 

•74 

•76 

•75 

■76 

■77 

•79 

80 

82 

•84 

87 

91 

•97 

— 0*5 

•69 

•71 

•71 

■72 

•73 

•74 

75 

•76 

•78 

80 

■83 

•87 

•95 

— 0*4 

•66 

•67 

•67 

•68 

•68 

•69 

•70 

•71 

•73 

75 

•78 

•82 

•90 

— 0*3 

•62 

•63 

•63 

•64 

•64 

•64 

•65 

•66 

•68 

•69 

•72 

•75 

•83 

- 0-2 

•68 

•69 

" -69 

•59 

•59 

•60 

•60 

•01 

•02 

•03 

•65 

•68 

•74 

—01 

•64 

•64 

•64 

•66 

•66 

•55 

•55 

•66 

•50 

•57 

•58 

•59 

•63 

0 

•60 

•60 

| Q| 

•60 


•60 


B 

B 

•50 

■50 

•60 

•60 
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Chance that the unpredictable portion (m terms of ^ x) of the element 
forecast does not fall below “ a ” when r is equal to : 
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ON SOME CHARACTERISTICS OF THE TROPOPAUSE AND TIPPER 
TROPOSPHERE OVER NORTH-WEST INDIA 

BY 

N. K. Sub and J. C. Roy, Upper Air Observatory, Agra. 

(Received on 5th December 1951.) 

Abstract . — The chief features of three principal types of tropopauso over North-West India, baaed 
on sounding balloon ascents at Agrn, liavo been discussed. Mention has boon made of a characteristic 
region of small lapse iate or inversion commonly found between 11 5— It gkms 

With the aid of sounding balloon records and stream-lines of upper air, the physical features of an 
anti-cyelono in Upper India in December 1930 ha\o been discussed in the light of t*ho theory of advee- 
tion of an -mass as developed by Kossby. Changes in temperature at different levels foi a few successive 
days during the period of existence of the anti-cyclone have been calculated with the aid of Rossbv’s 
theory. 

1. In the records of meteorographs let off with sounding balloons from the 
Upper Air Observatory at Agra, three principal types of transition from troposphere 
to stratosphere are found. Mention has already been made of the characteristics of 
these types, called A, B and CK The mean heights and temperatures of these three 
types of tropopause as obtained from data for the period April 1926 — December 1930 
are given m Table ]. 


Table 1. 


Type. 

He. 

Tc 

N. 

Standaid Deviation. 


(Height m gkms) 

(Temperature 
m °A). 

(No. of obser- 
vations). 

He (gkms). 

T c (°A) 

A 

16*53 

195*5 

59 

i 

•80 

5*1 

B 

15*75 

197*2 

37 

•69 

1 4-4 

C .. 

10*09 

197*3 

20 

MO 

6-1 

M43DGofOb 


( 19 

) 


B 
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The percentage frequency of occurrence of the three types in different months 
of the year is shown in Table 2. 


Table 2. 


Type. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 

A 

10 2 

6-8 

6-8 

10-2 

6-8 

3-4 

6-8 

8-5 

11-9 

5-1 

15*2 

8*5 

B 

81 

5-4 

8 1 

13-5 

5-4 

5-4 

0 

8-1 

10 8 

13-5 

13-5 

81 

C 

0 

3-8 

11 5 

1 

11 -5 

15*4 

15-4 

0 

D 

D 

11-5 

11-5 

3*8 


During July, only type A is met with and so far no record with tropopause of 
the type B or C has been obtained in this month. Owing to the prevailing directions 
of upper winds in North-West India, the regions where the instruments descend are 
far removed from human habitation, and hence the data so far collected for July 
are meagre. 

The individual values of H c and T c for winter, from December to March, for 
summer, from April to June, and for rainy season, from July to September, were 
grouped together for different ranges of pressure at mean sea level at the times of 
ascent. No relation between //«., T c and pressure at mean sea level as given by Gold 2 
could be obtained for summer and rainy seasons, but for winter a relation between 
H c and pressure, similar to that of Gold, is noticeable. This is shown in Fig . 1 and 
the data from which the graph is drawn are given in Table 3. 


Table 3. 


Period. 

Treasure (mb). 

>1015 

1016- 

1013. 

1 

1011- 

1009. 

1009- 

1007. 

1007- 

1005. 

1005- 

1003. 

1003- 

1001. 


H c (gkm) 

16-71 

16-34 

16-62 

16-05 

15-91 

15-76 


15-48 

Winter 

T r (190°A+) .. 

8-0 

10-0 

8 9 

8-7 

12 4 

6-9 

•• 

13*0 


Mean P (mb) . . 

1016 9 

1014-1 

1012 9 

1010 1 

1008 3 

1006-7 

*• 

1003-0 

No. of ob 
(Total 

serrations 

No. 34.) 

■ 

6 

7 

6 

4 

3 


1 


The height and temperature of tropopause have been fixed according to the 
criteria accepted for A, B and C. 


From Table 3 it is seen that no definite conclusion regarding a similar relation 
between T and pressure can be drawn. 

The above relation may probably be taken in support of the view that in winter 
the upper atmosphere of North-West India is controlled by the pressure gradients 
of temperate latitudes. 

The data now available confirm the sequence of monthly variation of the mean 
temperature of tropopause 3 but no appreciable seasonal variation of the height of 
tropopause is noticed. 

During the period November to May, a region of very small positive, zero, or 
negative lapse rate is frequently found below the usual level of tropopause, as shown in 
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Fig . 2 . Sometimes this characteristic is found at the cirrus level, but generally 
above it. Occasionally a short or a long region of inversion or an isothermal region 
is found to exist just below the tropopause and in continuity with it. A preliminary 
examination shows that these may originate from different causes. The physical 
aspects of this characteristic will be discussed in a future communication. 

The range of height at which this type of discontinuity is found to exist is 9 — 17 
gkms, but the frequent range is 11 * 5 — 14 gkms. The difference of temperature be- 
tween the upper and lower levels of these regions varies from — 1°C to + 6* 8°C. The 
shortest and longest regions over which such a discontinuity in the temperature- 
height diagrams of sounding balloon records has yet been found to extend are 0 • 2 km. 
and 3*8 kms. respectively. 

2. Exner 4 has attempted to solve in a general way the effect of variations of 
pressure m the stratosphere on the vertical distribution of temperature and pressure 
in the troposphere. Rossby 5 has calculated under certain simplified assumptions 
the effect of an arbitrary advection current upon the vertical distribution of tempera- 
ture and pressure in a column of air. According to Ins theory, a quantity i r at 
a level Z can be estimated from any pair of consecutive soundings at a station. 
It gives a direct measure of the difference of weight between the displacing and 
displaced air-masses. As the calculations have been made use of in the following 
section for the study of the characteristics of an anti-cyclone, it is necessary to 
state here the mam results of Rossby’s theory and the assumptions on which it is 
based. For calculating n at any level, the following equation has been derived 


R 

mC 


* O v % mg 
7,= ^ + 0. R r 


'/w 


R 

mC . 


dz. 


( 1 ) 


where z is altitude above mean sea level, and h t p the local variation of pressure. 
The other symbols for dry air have their usual meaning as m the theory of heat. 

If / be a characteristic property of air, 3// the local variation of /, is connected 
with S</, the variation of/ in an individual layer of air, by the relation 

V = (2) 


dz 


If the potential temperature 0 is defined by 0 
P being the standard pressure, (1) simplifies to 

9 


P- 


T 

R/mO 


mO„ 


tt=8(p + 2-43.10 *- / 




dz. 


(3) 


The numerical values ^ = 0-288 and 2-43*10— 4 have been used 

to obtain (3). 

In the evaluation of sounding balloon data p is estimated in millibars, and if 
Sip, which is usually small, is obtained from the tabulated values of pressure at 
different levels from any two consecutive sounding balloon ascents, the possible 
magnitude of error in £> t p is rather large. 

Hence it has been calculated from f dz (±\ 

p p 0 1 R J T 2 • W 

o 



The usual 
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8 iT being, the local variation of temperature at any particular level. 


hypsometric formula p = p 0 e 


“SL r dz 

R / 

J T 


• ( 5 ) 


gives (4) after variation. 

Though 8jT is obtained from the tabulated data of sounding balloon ascents 

/ Z g rp 

dz and not on h{T at a single 


level and thus the error is minimised. 


It is also possible to calculate at any altitude the variations of temperature in 
the intervening period between two consecutive soundings, and the relation obtained 
by Rossby is 


S t T 


R T 2 dir R_ T dTC, f z j 7 T 

mg ' p' dz^ ?nC p 'p'' 7r + dz m C P J V 


( 6 ) 


The first term of (6) gives the change in temperature in a layer dz at z due to 
advection, the second the change in the same layer due to adiabatic compression 
or rarefaction due to increase or decrease of pressure above, and the third the local 
change due to vertical displacement as a result of advection. 

The assumptions of the theory are as follows : — ■ 

1. Advection takes place under adiabatic conditions, the phenomena of radia- 
tion, conduction of heat, turbulence, condensation, and evaporation not being taken 
into account. 


2. No allowance is made for lateral expansion or contraction of an air column 
under the influence of advection of air-masses. 

3. Advection at one level is supposed to be unaffected by simultaneous advec- 
tion at other levels. 

4. Due to advection, a layer of thickness dz is displaced by another of the 
same thickness. 

It is thus seen that the theory is only applicable to a limited class of advection 
phenomena, and the object of the following section is to examine how far the observed 
facts, as observed in an anti-cyclone, can be accounted for by it. 

It should be emphasised here that, under certain conditions, the theory leads to 
estimates of temperature at some heights which are not in agreement with observed 
values. For example, at level z the air-mass may be replaced by advection by a 
slightly cooler mass of air. But for the same reason the increase of pressure above 
causes a rise in temperature at z by adiabatic compression. This may exceed the 
cooling due to advection, and hence a rise in temperature, instead of a fall, would be 
registered by a balloon meteorograph. 


3. The anticyclone o! 19th — 26th December 1930 over Upper India. 

The data for temperature, pressure and humidity obtained at Agra on 19th, 
22nd, 23rd and 25th December 1930 are collected in Table 4 . Unfortunately there 
h^ve been breaks in some of the records ; thus data for some heights are wanting. 
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Table 4. 

Z s= Height in geodynamic kilometers. 
P = Pressure in mbs. 

T = Temperature in absolute degrees. 
H = Humidity per cent. 


z. 

19 th Decembei 
Ascent at 
16h. 11m. I 

1930 

S. T. 

22nd Decern be 
Ascent ti 
16h lm I 

r 1930 
t 

S T 

23nl December 1930 
Ascent at 

16b 5m J S T 

25th December 1930 
Ascent at 

1 7h. lm. I. S. T. 


N 

a 

H. 

m 

D 

H 

m 

m 

11. 

V 

m 

11. 

0*17 

097 

295 

33 

996 

295 

19 

997 

263 

0 

998 

290 

39 

1 

902 

288 

52 

901 

287 

24 

903 

287 

33 

902 

280 

45 

2 

799 

282 

47 

798 

285 

13 

800 

287 

19 

801 

287 

33 

3 

705 

275 

35 

706 

282 

8 

706 

3 

16 

708 

281 

29 

4 

621 

271 

35 

624 

275 

13 

624 

279 

14 

G25 

275 

27 

5 

546 

266 

36 

548 

271 

14 

550 

271 

14 

550 

269 

25 

6 

478 

260 

35 

481 

263 

13 

484 

263 

17 

. 

* 

, , 

7 

417 

253 

33 

120 

255 

13 


* 



* 

, , 

8 

363 

246 

31 

366 

247 

15 

. 

* 


. . 

* 


0 

314 

237 

. 

317 

239 

. 

.. 

* 


. . 

* 

. , 

JO 

271 

229 


273 

231 


. 

* 



* 

, . 

11 

232 

222 


236 

225 

.. 


* 


237 

227 


12 

198 

217 

• • 

202 

217 

•• 

• • 

* 


202 

219 


13 

168 

211 

• • 

171 

213 



* 


173 

217 

. . 

14 

143 

206 


145 

207 

. 


* 


1-17 

213 


15 

120 

200 


122 

202 

. 


* 


125 

208 

. . 

16 

101 

199 


103 

199 

• * 


* 


105 

203 


17 

84 1 

200 


85 9 

J97 

• 

90 9 

200 


88 1 

201 

. . 

18 

70 8 

201 


72 0 

197 

• 

76 3 

197 


73 9 

196 

. . 

19 

59 7 

202 


60-4 

199 


63 9 

193 

• . 

61 9 

197 

. , 

20 

50 2 

204 

• 

50 9 

203 


53 1 

195 

- 

51 7 

197 


21 

42-3 

208 

• • 


•• 

- 

44 7 

199 

• 

43 3 

200 


22 

35 9 

211 


•• 

- 

• 

37-6 

201 

• 

36 4 

203 


23 

o 

CO 

213 


•• 

• 

-• 

31 7 

203 

.. 

30 7 

206 

• m 

24 

25-8 

213 



• 

•• 

26 7 

205 

.. 

26 0 

209 

• m 

25 

21 9 

215 

•• 

• 

■ 


22 5 

207 

• 

22-0 

212 

% • 


* Breaks m the records. 
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The normal values of temperature and pressure in December and January in the 
free atmosphere over Agra, calculated from sounding-balloon ascents made at Agra 
a little before sunset to get rid of the effects of solar radiation, are given in Table 5 . 

Table 5. 

Z = Height in geodynamic kilometers. 

P = Pressure in millibars. 

T = Temperature in absolute degrees. 

N = Number of observations. 


z. 

December. 

January. 

P. 

N. 

fl 

N. 

V. 

N. 

T. 

N. 

0*17 


. . 

995-2 

15 

292 

14 

993-7 

13 

292 

16 

1 



900-4 

15 

287 

14 

899-2 

13 

285 

16 

2 



796-7 

15 

283 

14 

794-7 

13 

281 

16 

3 



703-6 

15 

278 

14 

701-4 

13 

276 

15 

4 



620-1 

14 

273 

13 

616-9 

13 

270 

15 

5 



545 3 

14 

266 

13 

541-8 

13 

263 

15 

6 

• • 


478-4 

12 

259 

12 

473-4 

13 

267 

14 

7 

• • 


416-7 

11 

253 

11 

411-9 

13 

250 

13 

8 

• • 


362-3 

11 

245 

11 

357*4 

13 

243 

13 

9 

• • 


314-0 

11 

238 

11 

309 1 

13 

235 

13 

10 

• • 


270-0 

11 

231 

11 

265-3 

13 

227 

12 

11 

• • 


232-7 

12 

225 

12 

227-4 

13 

221 

12 

12 

—9 


198-7 

12 

218 

12 

194-3 

12 

215 

11 

13 

• • 


169 O 

12 

212 

12 

165-2 

12 

212 

11 

14 



143-5 

11 

207 

11 

139-9 

12 

210 

12 

15 



121-0 

11 

203 

11 

118-3 

12 

207 

11 

16 

... 


101-9 

11 

200 

11 

99-9 

10 

204 

10 

17 

*<• 


86-3 

10 

199 

10 

84-3 

9 

203 

9 

18 



72-5 

10 

199 

10 

71-0 

8 

202 

8 

19 



60-9 

8 

200 

8 

59-8 

1 

207 

4 

20 

w 


51-3 

6 

201 

6 

51-1 


211 

3 

21 



43-3 

4 

203 


43-5 

1 

213 

1 

22 



36-6 

4 

206 

H 

37-0 

1 

215 

1 

23 


• • 

30-9 

4 

209 

B 

31-5 

1 

218 

1 

24 


• • 

26*2 

4 

212 


27-0 

1 

220 

1 

25 

• • 

• • 

22*1 

3 

211 

3 

23-0 

1 

222 

1 
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A comparison shows'that on 22nd December between the levels of 16 — 19 gkms., 
on 23rd December between 18 — 25 gkms., and on 25th December between 18 — 25 
gkms., temperatures are lower than the normal temperatures in December and 
January for the same levels. But for lower heights, from 2—10 gkms. on 22nd, 
from 2—6 gkms. on 23rd, and from 1 — 15 gkms. on 25th, temperatures are above the 
average values in December and January for the corresponding heights. These fea- 
tures are shown in Fig 3. 

On 22nd December, between ground to 16 gkms. level, and on 25th December * 
between ground to 20 gkm., pressure is higher than average values of pressure in 
December and January for the same levels. On 23rd December, between ground to 
6 gkm. and between 17 to 25 gkms. pressure is above the normal values in December 
and January and in all probability this is also true for heights of 7 — 16 gkms.* for 
which data are lacking 

It is noteworthy that these relations of temperature at different levels for the 
anticyclone under consideration are similar to those observed for anticyclones in 
Europe 6 . 

To account for moving anticyclones of mid-latitudes Exner has suggested that 
solid currents of air, extending from troposphere to stratosphere, move from tropical 
towards temperate regions. Douglas 7 has also emphasised the idea that the 
development of an anticyclone involves the transport of a ‘ high anticyclone ’ con- 
sisting of tropical air over the subsiding polar air, and the more significant pressure 
changes are produced chiefly by large-scale horizontal movements of air-masses. The 
data given m Table 4 lend support to the idea. The height and temperature of 
tropopause on these dates are as follows . — 


19th December 1930 

15 23 gkm. 

199° -5 A. 

22nd December 1930 

16 20 gkm. 

198° -6 A. 

23rd December 1930 

18*90 gkm. 

193° *0 A. 

25th December 1930 

18 00 gkm. 

190° -0 A. 


On 23rd and 25th December, the levels of the tropopause are distinctly higher 
than the usual one for December and January, which is about 16 gkm. Compared 
to the temperature at different heights on 19th December 1930, the temperature on 
22nd December 1930 has fallen from 17 gkm. upwards, and this decrease has become 
more marked on 23rd December from 18 gkm. upwards, but on 25th December the 
values of temperature for the same levels show a tendency to increase. 

On 22nd, 23rd and 25th December, temperatures for the levels between 1 • 5 — 17 
gkms., as far as available, are higher than those for the corresponding levels on 19th 
December. 

The high levels of tropopause and the characteristic features of temperature 
and pressure in the upper air observed during the anticyclone can be accounted for 
by the supposition that the ring of cold air over the equator has broken through 
its boundary of warm air lying north and south of it. It has burst through the 
equatorial front, and moved towards North India, accompanied with a deep column 
of air practically extending throughout the whole of the troposphere. Probably this 
large scale advection of the tropical air had begun earlier than 22nd December, as 
the temperature at the heights of 15 and 16 gkm. on 19th December would seem to 

* The normal values of pressure for 21 — 20 gkms. in January are unreliable. On 23rd December 
1930, pressures at the heights of 24 and 25 gkms. are slightly below the average values in January for 
the same heights. 



26 


stm Aim BO*. 


indicate. But in absence of meteorograph records on dates previous to 19th Decem- 
ber 1930, one cannot speak with certainty on this point. 

We now proceed to apply the theory of advection as outlined above. 

As the soundings of 19 — 25 December refer to a sequence of phenomena of an 
anticyclone, all the meteorological elements are related to one another during the 
course of its development. There can be no objection, therefore, to calculate the 
values of tz at different heights on 22nd, 23rd and 25th December with reference to 
19th December. The alternative method of evaluating tz on these dates with ref er- 
ence to the preceding date for which the sounding-balloon data are available has not 
been adopted here as there is a long region of break in the record of 23rd December. 
The second method would have enabled one to visualise directly the development 
from day to day, whereas the first gives the same picture indirectly. The values 
of tc have been calculated from equation (1), and of Sip from (4). The progress 
of the anticyclone is shown m Figs. 4, 5, 6 , values of n being shown in millibars 
against heights in geodvnamic kilometers. In the tz curve for 25 — 19 December 
values of tz above 6 gkm. have been calculated from interpolated values of pres- 
sure and temperature for the levels (j — 10 gkms., as there is a gap m that region 
in the record of 25th December. The values of tz above 6 gkm. are therefore to 
be regarded as approximate only. But as these values bring out the general features 
quite well, these have been included in the graph. 

To get rid of this uncertainty in the values of tz on 25th December and to show 
the progressive changes on 22nd, 23rd and 25th December with respect to 19th 
December above 17 gkm. values of tz are shown for these dates in Fig. 7 *, takmg 
7u=0 for 17 gkm. 

In the first TZ-cune for December 22— 19, tz decreases from ground to 1 gkm., 
showing that in this laver cold air has been brought inf. The cold dry air comes 
from North India as shown by the stream-lines of air m the chart giving winds at 
1 km. level on 22nd December (see infra). Between 1 and 13 gkms., advection of 
warm air has taken place, and above that cold air. In the troposphere, a tempe- 
rature-gradient exists from the equator to the poles, and vice-versa m the strato- 
sphere. Thus a horizontal movement of a solid column of air, extending from strato- 
sphere downwards, explains the cooling above and warming below the level of the 
tropopause approximately. 

The second and third tz curves for 22 — 19 December and 25 — 19 December 
show essentially similar features. But the region of sharp discontinuity at 1 gkm. 
in the first and second curve, marking the layer separating the warm air above 
from cold air below, has become smooth in the third curve. This may probably 
be due to the gradual mixing of warm air from above with the cold air below. Also 


♦These values have been calculated after making a very slight modification in (1) resulting from 

mCp 

the assumption that the adiabatic relation for a dry gas pjT = constant holds good for the case, 

as the quantity of water vapour in the stratosphere is very small. Similarly g is obtained after 
a minor change in (4). 

fFor, if between the heights Z\ and Z2 (Z2>Zi) TI diminishes from f ITi, to fife, the mass STlTi has 
poured in above Zi,but only the mass f lfe above Z2. Therefore between Z\ and Z2, heavier, thus 
colder, air has been brought in. Similarly when f Tl increases from Zi, to Z2, advection of warmer air 
takes place. The difference in values of S Ti at Z\ and Z2, is equal to the difference m weightier unit 
cross-section of the new mass of air between Z\ and Z2 and the old air-maes occupying Mime 
region. 




TROPOPAUSE AMD UPPER TROPOSPHERE OVER N. W. INDIA. 27 

on 25th December advection of less cold air is talcing place above 15 gkm. as compar- 
ed to that on 23rd December. 

The second set of 7r curves, given in Fig. 7, clearly shows the transport of cold 
air above 17 kgm. on 22nd, 23rd and 25th December as compared to 19th December. 
Above the tropopause the development of the anticyclone was at its maximum on 
23rd or 24th December, and it was on the wane by 25th December, as shown by 
the increase of temperature of air above 17 gkm.* on 25th December. 

4. We shall now calculate the changes m temperature at different levels on 22nd, 
23rd and 25th December with respect to 19th December. Equation (6) enables 
us to determine (i) the change m temperature due to the temperature of the air-mass, 
which displaces the original air, being different from the latter, (n) the change in 
temperature due to adiabatic compression or rarefaction, and also (m) the change 
m temperature- due to vertical displacement of layers of air. If horizontal trans- 
port of air-mass from equatorial regions is chiefly responsible for the change of pres- 
sure, the change of temperature observed during the growth of an anticyclone will be 
caused by all the three factors, lint according to the generally accepted idea|, 
the very slow sinking of the upper layers of atmosphere in such a system of circula- 
tion is accompanied by divergence in horizontal wind circulation m the lower layers 
of the atmosphere. When an anticyclone' is unchanging and stationary, whatever 
subsidence and divergence are present are due to surface friction only, and hence 
their effect is quite small. According to Douglas 8 , the rate of vertical descent in a 
developing anticyclone is of the order of 1 km. per dav at 3 km level, and according 
to Shaw, the subsidence is 8(f metre's per day m a large high pressure area with small 
winds. Such a subsidence and divergence, however small the effects may be, will 
l>e accompanied by a change m cross-section of the sinking air mass. Equation (fl) 
however does not take into account change in temperature due to this cause Mar- 
gules 9 has derived a formula by vvlneli the \ariation in temperature due to variation 
m cross-section of an air mass can be calculated but unfortunately it cannot be applied 
to this case, as the change m cross-section cannot be experimentally determined. 
Nevertheless the variation of temperature at different levels as calculated from (0) 
on 22nd, 23rd and 25th December with respect to 19th December agree closely with 
the observed changes, considering the degree of accuracy of the data of temperature 
and pressure obtained by sounding balloon meteorographs and also the fact that 
effect of humidity has been left out of account. The results are shown m Tables 
6, 7 and 8. It is noticed that the calculated and observed change in temperature 
on ground and at 1 gkm. approximately, do not show any agreement, as is to be 
expected, for the theory does not allow for the effects of radiation and turbulence 
which are predominant m that region. Also on 22nd December the variation m 
temperature at 14, 15 and 15 gkm. due to the incoming air-mass is found to 


•Two causes may be responsible for the in< rouse of temperature on 25th December above the 
tropopause. Firstly, the tomperaturo of the cold air-mass brought in before that date may gradually 
increase, as compared to that on 23id Decemhoi by adiabatic compression duo to the increase of pres- 
sure above due to the oold air- mass. Secondly, the cold air transported in the beginning of the 
process, will gradually acquire the temperature characteristic of the latitude, if air from the equatorial 
regions ceased to pour in Both the causes mav be operating simultaneously 

fit. may be of intorest to desciibe heic the picture of an upper anticyclone as sketched by Iiossby. 
The injection of a cold air-mass m the upper atmosphere at a height h is accompanied by compression 
of the lowoi layers (it can be shown mathematically that lnghoi the level of advection the greater is the 
compression of tho lower layers of atmosphere). The compression of the lower layers causes the 
atmosphere above h to sink bodily thus creating a deficiency of piessure above This vory weak de- 
pression does not allow the air column to sink fast, the slow sinking or subsidence of 'cold air being ac- 
companied by a slow outflow below the cold air column, while the depression above is being slowly 
filled up by drawing air from all sides. 

M43DGOB 
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* Table 6. . . 

Change in temperature on 22nd December 1930 with respect to 19th December 1930 
calculated according to different terms of equation (6). 



Change in temperature on 23rd December 1930 with respect to 19th December 1930 
calculated according to different terms of equation ( 6 *). 


Height (gkm). 

First 

Term 

C 

Neunul 

Term 

U 

Third 

Term 

°C 

‘as? 

*3° 

fiT 

Ohs 

°0. 

O- 17 




—l 0 

0 0 

0 0 

—1-0 

—l r> 

1 

. . 



0 0 

0 0 

0 0 

0 0 

—0 5 

2 

• 


• • 

4 0 

(>•1 

0 0 

4 5 

5 0 

3 




0 6 

0 3 

0 0 

6*9 

6*2 

4 

. 


- • 

6 2 

0-6 

00 

6*8 

7*r, 

5 

. . 


* • 


0-9 

— •l-l 

4*4 

4*5 

6 

•• 

• • 

•• 

■a 

HD 

— 0- 1 

3*2 

2*6 
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Table 8. 

Change in temperature on 25th December 1930 with respect to 19th December 1930 
calculated according to different terms of equation (6). 


Height (gkm) 

First 

Term 

°C. 

Second 

Term 

°C. 

Third 

Term 

•o. 

glT 

Comp 

°C. 

£IT 

Obs. 

°C 

0* 17 


. 

. 

—1 8 

0*9 

0-0 

— 0*9 

—4*5 

1 

. . 

. . 


—0 7 

0-0 


—0-7 

1-0 

o 

. 

. . 

. 

3 4 

00 

1 

3*4 

5*5 

3 



• 

5-8 

0*3 

1 

5*3 

6-0 

4 

. 

. - 

. 

2 7 

0 5 


3*2 

4*0 

5 

• 



2 0 

0 6 

H 

2*5 

3*0 


be negative whereas a rise of temperature has been registered by the meteo- 
rograph. The reason is quite apparent ; for the rise in temperature due to adiabatic 
compression exceeds the fall in temperature caused by the transport of cold air. 
From 17 gkm. a net decrease in temperature is noticeable as the fall in temperature 
due to advection exceeds the rise caused by adiabatic compression** 

5. We now turn our attention to the stream-lines of upper air , as revealed by 
pilot balloon ascents and directions of movement of clouds between 7 and 11 hours 
I. S. T. The scale of velocities of upper winds is given m Fig . 8. The stream-lines at 
different heights above mean sea level for which sufficient data are available*)* have 
been drawn, and motion of cirrus clouds is shown in the charts for the 9 km. level. 
As the run of isobars is not known, the separation of lines of flow is to be regarded 
as only approximate An anticyclone, bringing m cold northwesterly wind, cha- 
racteristic of the winter season in Upper India, had existed from ground to 1 km. 
level with centre over different parts of North-West India, Baluchistan and Smd 
for about three weeks before 19th December 1930. At 1 km. level, the centre of the 
svstem was also occasionally found over (Vntral India, Central Province, North 
Deccan, (iujarut and the neighbourhood of the Arabian Sea At 4 — Gkm. levels, 
an anticyclone generally occupied the region over India and the neighbouung 
seas between Lat. 20 u N.andl2 c N., where normally a ridge of high pressure 10 exists 
in Dec.- Jan at these levels. Due to it, air was bi ought m over these latitudes 
from WNW, \\ or WSW and occasionally fiom SW direction also. At 2— 3 km. 
l-vels, anticyclones existed with cores coinciding either with those at 4 km. or at 1 km. 
but these cores were also found over regions intermediate between those over which 
the centies at 1 kin. oi 4 km. existed 

The w’inds at 4 and G km. le\els, for which sufficient data are available, were 
bi ought in from \V and WNW directions on 19th December by the anticyclonic 
circulation at these heights. On 20th December the wind due to this high 

♦The difference between obhii\od and laleuluted \ allies of lemporatuu* at 19 and 20 gkm is rather 
high, and this may probably bi* due to eirorn in observation 

fThe maps for 3 und km 1 q\o1b lia\o been omitted, being considered unnecessary as Iho data 
for 2 and 4 km are sufficient to bring out tho main features 

Jin this brief description, it is not possible to descnbe in detail the position of the centres of the 
antic yelonic system at different levols, but this summaiy will be found sufficient for following the 
subsequent progress of the anticyclone under consideration 

§On 20th December the winds at Bangalore (Lat. 12° 58' N. Long 77° 36' E.) between 19 to 22 
kms were from S and SE directions, but not exceeding 16 miles per hour 

On 21st December the winds at Sambalpur (Lat. 21° 28' N. Long. 84 u 01' E.) between 17 to 8 km. 
wt it* from SW direction with velocity 65 miles per hour. 
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was also from westerly and northwesterly directions at 4 km. but at 6 km. the 
circulation brought in winds frbm solith-west. The cirrus-movement over Lower 
India was also from south-west and south . 

From the charts it is seen tjbat the high, which was over Hyderabad and Kathia- 
war on 20th December 1930 at 4km. and 6 km., has moved over central parts of India 
at these levels on 21st December 1930. It also probably exists at 7 and 8 kms. 
over these regions. 

The same features of south-westerly winds are marked m the morning charts of 
2lst December for 6 km. and cirrus-level Also at 4 km. on 21st December the winds 
over central parts of India .in* ihoving from southwesterly direction. On the 
morning of 22nd December the anticyclone with its southwesterly winds over 
central parts of India has moved at 4 and 6 km. levels into more northerly regions 
as compared to that on 20th and 21 st December. But winds at heights of 1 and 
2 km. due to the anticyclone at these levels are still pouring m from North-West 
India, and this feature is also noticed in the charts for 19 — 21 December. 

On 23rd December the progress in the northerly movement of the anticyclone 
at 4 and 6 km. bringing in south-westerly air from the Arabian 8ea can be seen. 
The cirrus-movement shows that a southwesterly current has penetrated North- 
West India, and the sounding balloon record on the evening of 22nd December 
gives a definite evidence to the transport of tropical air over Upper India. The 
centre of the anticyclone at the level of 2 km. bringing in north-westerly air on 22nd 
December has merged into a high pressure region on 23rd December over central 
parts of the country circulating the air in a closed oval over the land, but at 1 km. 
the features noticed on the previous dates remain unaltered. 

On 24th December the windp at (I 2 kms. are now seen to come from a south- 
easterly direction from the Bay of Bengal under the influence of the anticyclone, 
which also exists at the cirrus-level, as shown by the movement of cirrus-clouds 
from a south-westerly direction. 

The centre of the system at G km. on 24th December is over Lower Bengal and 
the head of the Bay of Bengal. At 4 kms. it lies o\ « r Bihar, Orissa, Chota Nagpur 
and the adjoining portions of the Bay of Bengal, while at 2 km. a high pressure area 
exists over Rajputana and the adjoining parts of India and another over the head of 
the Bay of Bengal. 

On 21th the anticyclone bringing m north-westerly winds at 1 km. still persists, 
but on 25th December a closed high pressure area over Rajputana and Central 
India appears.* At 2 km. on 25th December the two regions of high pressure 
mentioned in the preceding paragraph have joined to form a ridge of high pressure 
over the central parts of the country and upper regions of the Bay, otherwise the 
general features from 4 to 6 km. level and at cirrus-level are the same j* on 25th 
December. 

It may be mentioned here that on the surface chart of 25th December (not 
shown) a high pressure area with light winds existed over North-West India, Central 
India and United Provinces. 

The gradual withdrawal of the anticyclone from Upper India is noticeable 
on the charts of 26th December. 


* Attention may be drawn to the W curve for S'ith — 19th December in which the sharp discon- 
tinuity at 1 gkm level noticed in the curves of 22 — 19 and 23 — 19 December has been smoothed out 
due to this reason 

tA slight increase in relative humidity on the ground is noticed on 23rd December. This is due 
to the fall m temperature on the ground and not to any change, caused by advection, m the properties 
of the existing mass of air. 
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In comparison to that on 19th December humidity on 22nd and 23rd December 
generally decreased at .ill levels above 1 gkm. for which data are available. This 
is to be expected from the rise in temperature above 1 gkm. under the influence of 
the anticyclone. Compared to that on 22nd December, humidity is higher on 23rd 
Decetnherf ^ rom 1 gkm , above which it is either practically equal to or just 
greater than that on 22nd December, though the temperatures on 23rd December 
are either higher than or equal to those for the same levels on 22nd December. 
This increase of humidity on the evening of 23rd December is due to moist air from 
the Bay of Bengal brought over Upper India under the influence of the anticyclone. 
The subsequent mci case m relative humidity on the evening of 25th December 
at the level of 1 gkm. and above is due either to a further increase of moisture or to 
the decrease in temperature. The observed increase m relative humidity will be 
accounted for by the simultaneous effect of both the causes. 

It is seen from the abo\e that an upper anticyclone was brought into existence 
bv the advection of tropical air into northerly latitudes at- high levels above the 
tropopause, and the anticyclone thus formed then extended into lower levels. 
The lower anticyclone existing from ground to 4- 0 kms. on 19th December and 
previous (bates, which hi ought in north-westerly air over Northern India was gra- 
dually absorbed by or merged into the upper system. Both existed thereafter 
as an anticyclone continuously from 1 km. up to the tropopause and probablv 
above it also But W’ltli the data available at pi (*sent it has not been possible to 
find out the cause of tins large-scale transport of tropical air , also it is not possible 
to say whethei the interaction, if any, between the upper air at high levels and the 
anticyclone at lower levels was iesponsible to any degree for this movement. 

The writers wish to record their best thanks to Mr (I. Ohatterjcc, Meteorologist- 
m-charge, Agra, for placing the sounding balloon data at their disposal and to 
Mr. D. M. Patel, Assistant Meteorologist, for very kindly calculating some of the w 
curves for the .senior author. 


1 Ohatterjcc and Sur The Thoimal Stiucturo of the Fiee Atmosphere over Agni. Norlands Beit* 
i.vgc Zur (h'tiphysik, Volume 25. UMO, pane 27(», Kit* 7 

l»rn flv *’] caking the chnrat tcristn h of ili« sc tv pcs of trnpnpauHH are aw follows — 

- I Abrupt change in lapse rate from a positive to n negative vuluo at tho tropop msc 
li. At tho tropopause, a maikcd change in lapse into, fiist from a comparatively large 
positive value to a small poutiveoi /oro value, and finally to a negative value 
(' (had uni change in lapse rate from a positive to a negative value, the tropopause being 
fixed at the point vvheie the lapse late is 2\V per kilometre or less, it being not exceeded 
in highet lev els 

2 (iold Geophysical Memoirs, London No. 5, 11H 3, pages 1 10 — 111. 

3 Ghattcijce and Sur, Loe. ( it page 227, Fig 7. 

1 Exner, Uher den Kinfluss von Luftdruckv eranderungen auf die Vortikale Temporaturvoi t cdung, 
Koppen Heft der Annalen der Hydrogiaphie, Berlin, 1026. 

Also, Haurwitz, Fmflurw von Massenander ungen in grossen Hohen auf die Vortikale Tompera- 
turvertcilung, Met Zeils , July 1927, pages 2f>3 — 200 
r» Rossby, Studies in the dynamics of the stratosphere, Beit Zur. Phys. dor Fieien Atmosphare, 
Band 14 1928, pages 210—265 

0. W H. Dines, Cyclones and anticyclones, Journal of the Scottish Meteorological Society. Third 
.Senes, \ olumo 16, 1914, pages 304 — 3J2. 

7. Douglas On some aspects of surfaces of disc ontmuitv, Quar. Jour. Roy. Mot. Soc., Volume 
55, 1929, page 133. 

8. Douglas, loe., cit„ p. 134. 

9. Margules, Met. Zeit., Bd. 23, 1906, p. 241. 

10. B&nerji and Ramanathan, Upper Air Circulation over India and its neighbourhood up to the 
cirrus level during winter, India Mot. Dep. Scientific Notes, Vol. Ill, No. 21, 1930. 

fVide footnote on preceding page . 
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ON SOLITARY GUSTS ASSOCIATED WITH REVERSALS OF PRESSURE 

GRADIENTS 

BY 

S. Atmanathan, M.A. 

(Received on 13th October 1931.) 

Siunnnary — Solitary gusts oi squalls of short duration sometimes occur during periods of calm 
intervening successive pulses of katabatic air movements at Poona Each of these gusts consists of 
a sfeady use of wind force from calm to its maximum value, followed by a steady fall to calm again, 
wath a duration of fiom 3 to 1~> minutes, and the onset of the gust is accompanied bv a sudden change 
of direction to that of the giadient- wand Changes of pressure and temperature associated with the 
gusts are examined, and the latter are shown to be due to the passage of fronts of pressure disconti- 
nuity following the reversal of the forced gradients established bj the katabatic movements, when these 
terminate 

1. Introduction. — The Meteorological Office at Poona being situated near the 
confluence of two river-valleys, the winds recorded bv the anemographs possess 
several interesting features depending on local orography Some of those have 
already been discussed by the author in an earlier number of this publication 1 ; 
another is the occurrence of solitary gusts of wind during the night rising steadily 
from calm to anything from 4 to 20 miles per hour, and then subsiding to a calm 
again, the complete process occupying an interval of from 3 to 15 minutes. The 
anemographic record of this phenomenon may be likened to a tall isosceles triangle 
standing on a very short base. It is found that the gusts are almost always asso- 
ciated with katabatic movements, although there are occasions when they occur 
at the conclusion of the sea-breeze, which in the earlier months of the year pene- 
trates from the Arabian Sea as far inland as Poona 2 . Sufficient attention doe’s not 
appear to have been paid to this phenomenon hitherto, although the subject 
possesses considerable theoretical interest. 

The chief features of the topography and climatology of the district round 
Poona have been described by the author in the paper 1 referred to above. The 
Meteorological Office and Observatory are situated about a mile to the west-south- 
west of the confluence of the two streams, the Mutha and the Mulla. The valley 
of the former lies directly to the southwest and that of the latter to the north- 
northwest across a saddle in the line of hills to the west. The Mutha valley is 
the narrower, steeper and the straighter of the two. The combined stream meanders 
along a wide gently sloping basin to the east. 

Winds of katabatic origin occur at Poona on almost all clear and calm nights 
which are many in the months October to April. These movements are pulsatory 
M39DGOb 
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in character, consisting of alternate periods of light winds and calm the winds being 
mostly from the SW but sometimes from the NNW. These months are also cha- 
racterised by feeble gradient winds with prominent easterly components, but the 
gradients are so small that the surface winds never attain appreciable velocities, 
especially during the nights. This is also the season in which nocturnal inversions 
near the ground are common. 

2. Velocity, Duration and Time of occurrence of the Gusts.— Dines’ P. T. anemo- 
grams at the Meteorological Office at Poona for the two years May 1929 to April 
1931 were examined and the occasions on which solitary gusts occurred have been 
tabulated in the Appendix, where information is also furnished as to the maximum 
velocity attained, the duration and the change of wind direction at the passage of 
each gust. It will be found that the maximum velocity of the gust varies from 3 
m. p. h. to 24 m. p. h. These however are the values actually recorded on the 
anemogram, and a correction (»">f the order of 5%), required to be added on account 
of the lower value of the densitv of air, has been neglected owing to the smallness 
of the magnitudes involved The duration also is largely variable, although one of 
3 to 8 minutes appears to be ■ lie most frequent In most ol the cases, the gust 
occurs when the wind direction changes from the southwesterly of the katabatic 
movement to the east or northeast of the prevailing seasonal gradient wind , a few 
occur with a change from the north-northwesterly direction of the katabatic wind 
or the sea-breeze, while gusts accompanying the opposite changes are comparatively 
rare. In a majority of cases, the change of direction amounts almost exactly to two 
right angles. 


In the following table are set out data of frequencies of occurrence of the pheno- 
menon at the different hours of the night for different ranges of the maximum velocity 
of the gust: — 



Prom this table it may be concluded that : — 

(i) Gusts of 6 to 15 m. p. h are the most frequent, 

(ii) Stronger gusts tend to occur during the earlier part of the night, 

(iii) Gusts are comparatively rare after 03 hours. 

It may be observed here that the diurnal variation of the barometer at Poona 
in the cold season has its secondary maximum at about 23 hrs and the secondary 
minimum between 04 and 05 hrs. From 20 hrs to 02 hrs the rate of change of the 
atmospheric pressure is small, and the barogram is almost flat during these hours. 
It would therefore appear that a constant pressure field is one of the conditions 
favourable to the occurrence of solitary gusts. 

3. Characteristics ol Solitary Gusts. — Photographs of a few typical solitary 
gusts are given in the Plate, in order to illustrate their chief characteristics, and the 
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abrupt change of direction with which their onset is invariably associated is note- 
worthy. The most remarkable fact about them is that they are essentially different 
from gusts attaining the same velocity in steady winds, in being devoid of oscilla- 
tions of wind force, although they last for a period which is considerable when com- 
pared to the usual interval between successive gusts and lulls m the latter. There 
are however a few instances where, after reaching the maximum, the gust shows 
slight fluctuations of velocity before subsiding, and, on these occasions, the termi- 
nation of the gust was not followed by a calm, but by a very feeble wind from the 
easterly direction which continued for some time Such cases have been indicated 
by asterisks in the Appendix. 

4 Temperature and Pressure Changes associated with the Solitary Ousts.— The 

figures m columns 8 and 9 oi the Appendix give the temperature changes immedi- 
ately after the occurrence ol the gust and a few minutes later, when the air has 
attained a steady temperature These were picked up from the records of a Casella 
thermograph exposed near the anemometer. It is found that in all except two 
cases, m which a measureable temperature change was observed, a fall of tempe- 
rature amounting sometimes to about 4 ,J F. is observed , but after the passage of the 
gust, the temperature rapidly rises, often above its value before the onset of the 
gust These changes are important inasmuch as they throw considerable light on the 
origin of these gusts " ° 

The values of the changes of piessure tabulated in column 12 of the same table 
have been obtained from measurements oi barograms of the corresponding days. 
Even with a scale magnification of x5, the changes were too small to be estimated 
correctly by the eye unaided, and so, the traces were measured under a low-power 
travelling microscope, and the corresponding values reduced to inches of mercury. 
At the onset, of the gust, the barogram almost invariably indicated a slight rise of 
pressure which was maintained afterw ards It is also important to notice here, that, 
in this respect also, the phenomenon described is dissimilar to other phenomena 
such as line squalls, the change in pressure due to which is generally transitory, 
the pressure returning to its original value, or almost to it, when the squallYhas 
passed. 

The measurement of the rise of pressure is quite straight-forward when it rises 
from a steady value, but it is a matter of some diliiculty and probably also of some 
uncertainty w hen the rise happens to occur at a time when the barometer is rising 
or falling on account of diurnal variation. In such cases, the measurement was 
made in the following manner —The trend of the curve before the occurrence of the 
change was produced, and the distance between this and the trace measured parallel 
to the time-lines on the chart as nearly as possible at the instant of termination of the 
gust. The barometric tendency at the tune of occurrence of the change is indicated 
m column 10 of the table 

In all the cases in which the period of rise of pressure was well-defined, it was 
found that this was equal to the duration of the gust within errors of estimation. 

It should be mentioned here that the pressure changes so found will be to some 
extent affected by the lag of the barograph, the tendency being always to give 
slightly too low values of pressure change. The effect of this source of error on the 
quantitative estimates obtamed will be discussed later. 

5. Theory oi the Solitary Oust Phenomenon.— There are three alternative 

hypotheses as to the cause of this phenomenon : — 

(i) the upper winds breaking down to the level of the anemometer head, 

(ii) the effect of waves in a surface of discontinuity, the height of which above 

ground level is of the order of the amplitude of the waves, 
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(iii) an effect in the atmosphere, not dissimilar to a “ bore ” in a tidal estuary, 
being caused by the katabatic winds acting against the seasonal 
pressure gradient but determined to a large extent by the local topo- 
graphy. 

Recrudescences of wind of the nature of the gusts described above were observed 
by Dr. Simpson 8 in the Antarctic and were attributed by him to momentary in- 
cursions of an upper current forcing its way under a steady lower current and 
lifting it above the level of the recording instruments. He found that the tempe- 
rature records supported this idea. In the present instance, however, it has already 
been shown by the author in a previous note 4 that there is a very stable pool of 
cold air near the ground, which the katabatic flow is unable to disturb ; it is im- 
probable, therefore, that an upper current could work its way through an inversion 
layer and sweep away the stagnant air near the ground. Further, the fall of tem- 
perature observed at the onset of the gust cannot be reconciled with what should be 
expected when potentially warm air from above comes down to the level of the 
instrument. Thirdly, examination of the pilot balloon trajectories of the following 
mornings shows that while the direction from which the gust proceeds is between 
300° and 340° in most cases, th& upper winds are variable within much wider limits, 
so that little association could be found between the two. 

The anemograms showing katabatic movements at Poona are suggestive of 
wave motions in the atmosphere, which, as A. H. R. Goldie 5 has pointed out, can 
affect surface movements when the height above ground of the discontinuity at 
which the waves develop is comparable to the amplitude of the waves. With the 
seasonal air movements consisting of a northerly current superposed over a shallow 
easterly drift of air, it might plausibly be argued that the recorded winds are the 
effect of Helmholtz waves in the surface of discontinuity between the two currents. 
This hypothesis fails likewise to account for the exceedingly constant direction 
from which the winds occur ; for, the day to day variations of the force, direction 
and depth of these currents are so large as to give little support to the idea that the 
nocturnal winds at Poona are merely wave effects. The fact that the three directions 
from which these winds occur are also directions of river valleys in the neighbourhood 
is very significant in favour of the third hypothesis. 

We will now proceed to show that not only does this hypothesis successfully 
explain all the associated phenomena, but it also yields changes of pressure of about 
the same order of magnitude as would be expected from theoretical considerations. 
As has been stated already, the normal pressure gradient for the season in which these 
solitary gu3ts occur is feeble, and requires a wind with a prominent easterly component 
for balance. The katabatic winds occur from the opposite direction and tend to 
set up pressure gradients opposing the seasonal gradient, with the result that the 
kinetic energy of the winds is converted into potential energy of pressure lower 
down the valley. This process, as has been pointed out by Margules 6 , should 
ultimately result m some sort of wave action. As soon as the katabatic winds weaken 
and are unable to maintain the pressure gradients established by them, the potential 
energy is reconverted into the kinetic energy of air-motion, and this manifests 
itself as a front of pressure discontinuity travelling up the valley with considerable 
velocity. 

Alternatively, we could imagine, following Hann 7 , that the katabatic move- 
ments are originated and maintained by a downward inclination of the isobaric 
surfaces along the valley slope set up by local radiative cooling during the night*. 


♦According to R. Wenger (Met. Zeit ., 1923, p. 199) it is rather the isosteric surfaces which are 
distorted upwards in the neighbourhood of the hill-slope (c/. also V Bjerknes, M. W. JR., Washington, 
1900, p. 439) ; but owing to the air movements set up and the consequent accumulation of mass at the 
foot ox the valley, the isobaric surfaces should also be markedly distorted there. 
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If on any account this circumstance disappears or its effectiveness diminishes the 
isobaric surfaces straighten themselves out, an upward movement starting from the 
end and travelling up the valley. This is manifested as a progressive pulse of 
pressure increase following the same direction. r 

On this hypothesis, the rise of pressure occurring with the gust and its conti- 
nuance at the same value even after the gust has passed are obvious consequences 
lhe structure of the gust also is according to what should be expected from theory • 
for, what is recorded is not a “ wind ” in the usual sense of the word, but rather a 
pressure wave moving past the instrument with the recorded velocity much in the 
same way as a “ tidal bore ” advancmg up the estuary of a river. The extent of 
the moving zone of disturbance as it passes over Poona is approximately equal to 
\ (velocity of gust x time taken by it to pass) and is found to vary from 3 miles to 
90 yards, the most frequent values, however, being less than l 'nule. 

The direction from which the gust proceeds is the direction of the valley and the 
gusts appear therefore to be determined by the direction of the valley than by that 
of the seasonal pressure gradient which, as has been shown alreadv, is more largely 
variable. On our hypothesis, the normal gradient would simply serve to store up 
part of the kinetic energy of the katabatic movements, and have no further part 
to play in directing its expression afterwards. This is what one would a priori 
expect from the fact that in katabatic movements, the isobaric and isosteric surfaces 
over the valley only are appreciably affected. 

The fall of temperature at the onset of the gust is also easily explained ; it is the 
surface air that is transported with the passage of the front, from some distance to 
the east of Poona, and as it is likely to have been much less subject to the disturbing 
effects of the katabatic movements, it should be slightly colder than the air over 
Poona. The passage of the gust, however, stirs up the air rather vigorously 
and a rise of temperature is the result. 6 J ’ 

6. Comparison ol Theory with Observation.— Margules has shown from con- 
siderations of potential energy in afield of pressure, that for a mass of air moving 
horizontally without friction in a steady field under adiabatic conditions, the kinetic 
energy per unit mass is given by the expression : 

r- / \ SJC„ 

£ (G*-G»)=C, (Ta—T)~C p j 1 . . . . (1) 

where G is its initial velocity at pressure p in the field, G o its velocity at pressure 
p o and T, T o the corresponding temperatures, R the gas constant and C p the specific 

heat of air at constant pressure. If, as in the present case, p~p is small, the above 
equation reduces to the simple approximate form • 

i (G*—/F)=RT a r -*=2~ ■ ■ ■ • (2) 

To H'o 

where the symbol p o stands for the density of air and is equal to RT 0 Jp o . If it is 
assumed that the air is initially moving with velocity G against the gradient, then 
its velocity will fall to G q when it moves from isobar p to isobar p o without friction, 
where the four quantities, G, G Q ,p i p 0i are related by equation (2). So long as the 
terminal pressures pand p 0 are the ame, the actual pressure gradient is immaterial. 
Frictional forces, which undoubtedly should play a large part in determining the 
maximum velocity of the gust as it progresses up the valley, will be insignificant 
for the short interval it takes in passing over Poona, and its intensity at Poona may 
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be assumed to be conditioned by the recorded change of pressure at the passage 
of the gust according to equation (2) above. Conversely, we can calculate die 
pressure difference p — p 0 which will be generated by a rise of wind speed from calm 
to G, where p and p 0 are the initial and terminal values of the pressure. 

With the value p 0 =0*001 17 for the normal condition® of pressure and tempe- 
rature at night during the cold season at Poona, the pressure change according to 
the above formula, for each of the gust velocities tabulated in the Appendix was 
calculated and is entered in column 11 of the table. The corresponding pressure 
changes observed from measurements of the barograms were converted into 
millibars and given in column 12 It will be observed that the figures in these 
two columns are of the same order of magmtude. 

Margules has further shown that, when the field is variable, equation (2) above 
is obtained in the form : 


4 (G*-g;)=RT 


Vo Vo w 


Vo 


(3) 


Thus, if a mass of air is flowing towards a place of low pressure, and at the same time, 
the pressure at every point of its path is changing with time, then with rising pressure 
the increase of kinetic energy of the moving mass will be greater than it would be in 
a steady field, but with falling pressure, the increase in kinetic energy will be less 8 . 
We should accordingly expect in our case, remembering that we are dealing with 
movements against the existing gradients, the computed value to be less than the 
observed with a rising barometer and vice versa. Thus from equation (3) 


^_ Ap= _/ ?Pdt. 
2RT A p J 2)t 


or 


Ap {cal.)— AP (obs.) = dt. 


where &p (cal.)=p 0 G*/2RT is the value of pressure-change calculated on the as- 
sumption that the barometer is steady, /\p (obs.) is the actual pressure- change in 
a field in which the barometric tendency is given by *dpl2t and the negative 
sign in the right-hand side arises owing to the fact that we are considering move- 
ments against the gradient. Thus we have schematically : 



Pressure -change. 

(Cal. mimes 1 *bs.) 

Barometer steady, *bpj^t—^ 

nil. 

Barometer rising, 'ftpfat positive 

negative 

Barometer falling, 'ftp/'fit negative 

positive 


That this is more or less the case, is shown by the following : 


Assuming an uncertainty of 0-05 mb. either way on account of uncertainties 
of measurement, the discrepancies between the computed and observed values of 
pressure change have been classified for entry in the table below according as they 






SOLITARY OUSTS. 


7 


are negligible, too high or too low, and according as they occur with the barometer 
steady, rising or falling. 



Bar steady. 

Bar rising. 

Bar falling. 

Cal. — Obs. negligible 

16 

7 

7 

Cal. — Obs. positive 

10 

3 

9 

Cal. — Obs. negative . . - 

1 

5 

3 


It should be remembered while interpreting this table, that the indications of a 
barograph are always subject to a certain amount of lag, the effect of which, with the 
steady barometer will be to increase the number of positive discrepancies as com- 
pared to the negative • W ith a rising barometer, however, the effect of lag will 
be to increase the number of cases with negligible discrepancies at the expense of the 
negative and with a falling barometer positive discrepancies will be emphasised. 
The above table shows these characteristics to a certain extent, so that it appears 
safe to conclude that what may be termed the 'isallobanc effect on the gust velocity 
is also discernible. 

It has been mentioned early in this paper that there are a few instances where 
the solitary gust has occurred at the termination of the sea-breeze at Poona. When- 
e\er a feeble gradient is disturbed by the setting up of a local circulation, one should 
expect a restoration of the original gradient when the disturbing forces cease to act ; 
and when this requires the reversal of the forced gradient, conditions seem to favour 
the occurrence of a solitary gust. The anemogram reproduced in Plate V of 
Scientific Notes, Vol IV, No 41 0 which relates to the sea-breeze at Karachi, shows 
a well-marked solitary gust, and it will be seen there also, that the gust proceeds 
from the quarter directly opposite to that of the breeze Further, the author is 
given to understand that the same phenomenon is associated also with the sea- 
breeze at Madras A few 7 data of the gust velocities and the associated pressure 
changes picked from the self-recording charts of that station, kindly supplied by 
Mr. B. G. Narayan, show about the same order of quantitative agreement with 
the relation established by equation (2). 

In conclusion, the author wishes to express his thankfulness to Dr. K. R. 
Ramanathan and Dr. L. A. Ramdas for helpful criticisms. 
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Direction 
(W— 90°) 

Temp, ohange. 


Pressure 

ohange. 

Date. 


Time 
1.8 T. 

Dura- 
tion . 
Min. 

Max. 

Vel. 

(m.p.h.) 

from 

to 

ohange 

Onset 

<°F) 

Final 

(°F) 

Bar 

tenden- 

(X, 

Cal. 

(mb.) 

Obs. 

(mb.) 

1 


2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

1929 













Not. 6 


2036 


24-0 

25 

205 

180 


.. 


0*67 

* 

7 


2125 

5 

13 0 

190 

305 

115 

—1-4 

+0 8 


0 20 

— 

8 


2310 

20 

18-0 

120 

300 

180 

—2 0 

+ 0 4 


0 38 

— * 

18 


2335 

3 

22 0 

125 

315 

180 

—1-0 

+ 3-2 


0*56 

* 

20 


2325 

15 

10 0 

130 

310 

180 

-0-8 

+ 0-6 

0 

0 12 

0 12 

29 


0330 

20 

6-5 

350 

180 

170 

—1 0 

• +1 *4 

0 

0 04 

0-03* 

Dec. 4 


0456 

11 

3 0 

135 

338 

157 

—0 8 


4- 

001 

0-29 

9 


2236 

5 

16 0 

140 

310 

190 

—2-5 

+ 6 0 

0 

0 30 

0 06 

10 


2205 

15 

16 0 

158 

330 

172 

—2-4 

+ 3 8 

0 

0-30 

0 28* 

15 


0300 

7 

7 0 

135 

315 

180 

—0 5 


— 

0 06 

014 

18 


0132 

3 

12 0 

135 

322 

173 

—1 8 

+ 1-0 

— 

017 

0-09 

26 


2157 

3 

14 0 

162 

342 

180 

—1 0 


0 

0-23 

0 18 

27 


2205 

3 

16-0 

68 

315 

113 

—1 2 

. 

0 

0*30 

0-20 

28 


2048 

2 

22-0 

144 

327 

183 

—1 4 

+ 1 6 

4 

0-56 

0-30 

1930 













Jan. 3 


0138 

3 

13-5 

140 

315 

175 

—1 2 

+ 1 5 


0 20 

— 

6 


2115 

t 

5 

5 0 

105 

280 

185 




0*03 


9 


0012 

8 

12 0 

45 

315 

90 

—3 2 

—3*2 


0 17 

* 

15 


0048 

2 

3-5 

215 

40 

185 

—0 8 



0 01 

— 

24 


2345 

7 

4 0 

130 

310 

180 




0 02 

— 

Mar. 6 


2354 

7 

10-0 

130 

310 

180 

—2 2 

+ 1 2 


012 

— 

6 


0028 

2 

4-0 

266 

98 

168 

—2 0 

• • 


0 02 

— 

14 


0615 

5 

6*0 

135 

315 

180 

—3-2 

4-0*6 


0*05 

— 

26 


0155 

5 

12-5 

130 

320 

170 

—4*2 

+0-8 

.. 

018 

a 

»> 


0535 

5 

8-0 

100 

285 

185 

—2*0 

+ 0-4 


0 08 

— 

Oct. 6 


0018 

3 

8 0 

115 

295 

ISO 

• • 


• • 

008 

— 

Not. 6 


2044 

2 

18-0 

160 

325 

165 

—0 6 

+ 0-6 

0 

0 38 

0*28 

7 


2018 

6 

9-0 

160 

340 

180 

—2 8 

+ 1*2 

+ 

0 09 

0*21 

8 


0715 

5 

4-5 

180 

315 

135 

.. 


4 

0 02 

000 

99 


1945 

5 

9-0 

188 

15 

187 

— 1*8 

4-0*8 

4 

009 

0 19 

10 


0020 

3 

7-0 

150 

325 

185 

+ 0-4 

.. 

— 

0 06 

008 

10 


2026 

5 

14-0 

160 

315 

205 

-1-6 

4-2*0 

0 

0*23 

0*23* 


* See page 3. 

means steady barometer : + means rising barometer ; — meant falling baromstsv. 
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Direction 

(W-90°) 

Temp, change 

1 

Pressure 

ohange. 

Date. 

Time 
T.S. T 

Dura 
tion. 
Mm. i 

Max 

Vel. 

(mph) 

from 

to 

change 

Onset 

(°F) 

Final 

(°F1 

Bar 

tenden- 

cy* 

(mb.) | 

Cal. 

[mb.) 

Obs. 

(mb. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1930 












Nov. 11 

2240 

5 

19 O 

162 

315 

207 

—0 4 

+2-6 

0 

0 42 

017* 


22 15 

3 

n o 

120 

320 

200 



0 

0 20 

0*12 

12 

2255 

5 

8 O 

120 

315 

195 



0 

0-08 

0*13 

13 

2115 

3 

1! 0 

150 

320 

no 

—0 4 

+ 0-8 

0 

0 23 

0*22 

14 

2005 

5 

14 0 

158 

330 

188 

^ 2 4 


4- 

0 23 

0*16 

IT) 

2045 

5 

12 5 

230 

345 

115 

— 2 8 

+ 1-4 

4- 

0 18 

014 

16 

215° 

6 

20 0 

135 

315 

no 

— 1 6 

+ 0 7 

0 

0 47 

0*10 

-3 

1926 

2 

9 0 

198 

315 

117 

--0 6 


4- 

0*09 

0*09 

21 

0010 

4 

17 0 

125 

300 

185 

—0 8 

+ 0 8 

— 

0 33 

008 


2230 

6 

13 0 

100 

315 

125 

-1 4 

+ 0 6 

0 

0 20 

0-20 

Do,' 11 

0205 

5 

6 0 

no 

315 

185 

-M> 4 


— - 

0 05 

Oil 


0217 

3 

8 0 

150 

330 

HO 

-0 1 

.. 

0 

0 08 

0*09* 

• 


2 

5 0 

115 

300 

165 

-1 2 

. . 

4- 

0 03 

0 07* 

lb 

2323 

12 

0 0 

no 

315 

175 

0 8 


— 

0 09 

014 

Is 

2150 

8 

7 0 

120 

310 

190 

--0 6 

.. 

+ 

0 06 

0*13 

lb 

2039 

3 

11 0 

165 

312 

177 

—2 8 

+ 1 o 

+ 

0 23 

0 i8* 

2 1 

200X 

4 

20 5 

200 

3 40 

140 

— 4 0 

+ 2 8 

0 

0 49 

0*30 

23 

2153 

4 

15 5 

145 

330 

175 

--3 2 

+ 5*4 


0 28 

0*27* 

1931 












lan 2 

2156 

6 

lb 4 

135 

320 

175 

—4 2 

+ 3 0 

0 

0 31 

019 

3 

0510 

5 

5 4 

125 

3\5 

145 



+ 

0 03 

008 

99 

2032 

8 

20 8 

135 

.315 

180 

— 1 8 

+ 4 0 

0 

0 47 

0-38 

4 

2115 

5 

15 4 

165 

335 

170 

— 4 2 

+ 2-6 

0 

0 29 

0*29 

6 

0545 

1 

3 2 

310 

135 

175 

— l 8 


+ 

0 01 

004 

«» 

2342 

8 

16 0 

135 

315 

180 

-2 0 

■+■ 1*8 


0-30 

012* 

6 

0015 

4 

12 0 

160 

320 

160 

—0 6 

+0 8 


017 

000 

7 

0142 

8 

14 0 

135 

315 

ISO 

—1 0 

.. 


0-23 

0*10 

10 

■9 

8 

13 2 

130 

290 

200 

—1 0 

•-> 


0 20 

0*14 

12 

0250 

3 

9-0 

150 

325 

175 


" 


009 

0*13 

» 

2328 

2 

19 0 

125 

325 

170 

-1 2 

+ 2-8 


0*42 

0*17 

13 

2245 

5 

14 0 

280 

165 

115 

— 3*8 

+2*4 


0*23 

0*14 

17 

ns 

5 

13 4 

162 

340 

178 

—2-0 

+ 1*8 

0 

0-21 

0*30 

20 

0128 

4 

21-4 

135 

320 

176 

-0-8 

+ 1*0 

1 — 

0*53 

0M9 


* See page 3. 

0 means steady barometer ; + means rising baro matter ; — me^m falling barometer. 
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Direction 

(W-90°) 

Temp, ohange. 


Pressure 

change. 

Date. 

Time 

I. S. T. 

Dura- 

tion. 

Min. 

Max. 

Vel. 

(m.p.h.) 

from 

to 

change. 

Onset 

(°F) 

Final 

<°F) 

Bar 

tendon- 

Cal. 

(mb.) 

Obs. 
(mb ) 

1 

2 

3 

4 

5 

0 

7 

8 

9 

10 

11 

12 

1981. 












Jan. 17 

0250 

12 

16 0 

45 

225 

180 

—1-4 

+ 1-2 

— 

0-30 

0-27 

21 

2206 

6 

0*4 

112 

300 

172 



0 

005 

0-07 

26 

0021 

7 

6 0 

140 

315 

175 



— 

0 05 

0-08 

27 

0256 

0 

7-0 

203 

292 

89 

. . 


— 

000 

010 

Feb. 8 

0355 


4*0 

105 

285 

180 

.. 


0 

0 02 

0-07 

11 

2303 


8-4 

30 

318 

72 



0 

0 08 

0*10 

12 

0233 

B 

14-5 

125 

310 

175 

—1-4 

+ 0-5 

— 

0 25 

0 20 

99 k • 

0540 

m 

4-6 

15 

190 

175 

.. 


+ 

0 02 

013 

19 

0140 

15 

9-4 

115 

310 

105 

—0-2 


0 

0-11 

Oil 

»> 

0155 

(0 

11 -4 

315 

15 

60 

.. 

i 

— 

015 

0 00 

20 

0115 

17 

10 0 

5 

182 

183 

.. 


0 

012 

0 14* 

21 

0144 

2 

4 0 

37 

175 

138 

—0 5 


— 

0-02 

0-09 

” 

0340 

0 

19-0 

105 

235 

180 




0-42 

0-21* 


• See page 3. 

0 mean* steady barometer ; -{*- means rising barometer ; — ncaris falling barom r iet 
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value, viz., 0*2, may be taken as the limit of the error that may be expected ordinarily. 
It has not been possible for the author so far to determine theoretically the probable 
error of the C. C. obtained by this method. It can, however, be seen that the greater 
the % is, the smaller will be the probable error, provided, of course, that both the 
factors obey the normal law All that can be given here is an estimate of the probable 
error derived from experience When the above value of 0-05 for the probable error 
was obtained, we had only 40 C. CVs worked out both by this method and by the usual 
method Since then the number of 0 (Vs for which both sets of values are available 
has been mcrea; ed to 146 and the following conclusions may, therefore, be considered 
more reliable. 

Out of the 146 C. (Vs mentioned above, for none of which was less than 47 
while for more than 120 of them n 1 was greater than 55, only 15 had an error greater 
than 0-2 (signs being neglected here), 87 had an error not exceeding 0-1, 72 of these 
having an error not more than 0-07. We may therefore roughly estimate the pro- 
bable error to be 0*07 and take 0*2, three times the probable error, as the limit of error 
that may be ordinarily expected m this method 

The results are exhibited graphically m Fig. I below. The slant lines correspond 
to errors +0-2 and — 0-2. The region between these two lines contain (\ (? ’s for 
which the error lies between i.0-2 The very small number of C. (Vs for which the 
error is numerically greater than 0-2 is quite apparent. 
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This limit of error, 0-2, appears to be confirmed by the values given in figure 3 
on page 78 of (2) by Walker and Bliss. Out of 57 values shown there only 3 have an 
error more than 0-2, 8 equal to 0-2, and the remaining less than 0-2. The just com- 
parison of these with the results obtained by the author is not possible, as the value of 
n x for the former is not given in (2). On the whole, it may be said that the values ob- 
tained by these authors are in agreement with the conclusions given above and we 
may safely infer that when n x is not less than 55, the error m the value of C C. obtained 
by the method of coincidences is not likely to exceed 0*2 ordinarily 

An approximate idea of the labour saved by the method of coincidences may be 
obtained from the following * — 

Suppose the 146 l 1 0 ’s mentioned above have not been worked out, and we 
have to find out which of them are significant. Let. the least significant value 
(numerically) be 0-5 as determined by either Walker’s method (3) or a slightly 
more accurate one given m (4) We first find the approximate value of these 
C. C ’s by the method of coincidences very quickly. Since we are not interested 
to know the accurate values of the C. C/s which are numerically less than 0*5, 
we need onlv to find bv the usual method those 0 0 ’s which have values not less 
than 0-3 as obtained bv the method of coincidences This number is only 43 and by 
calculating more accuratelv only these* t 1 V ’s by one of the usual methods, we will 
nnss none of the !) V V 's which are significant from our point of view 

This does not, however, preclude the possibility of occasionally getting an error 
much greatei than 0 2 e\ en w hen tt t is not less than 55 , in one of the values given by 
Walker and Bliss m (2) t he ei l or was as high us 0 42 , the exact value iq for this, how- 
ever, is not stated m their paper In our cast*, too, there was one as high as 0* II In 
such a case, it appears, we may reasonably conclude that either one or both the factors 
do not obey the normal law and lionet* that the methods of correlation are not quite 
suited to measuie the relationship between them This conclusion has been verified 
in our case. 

Even though the two quantities may varv according to the normal law, there still 
remains the possibility, very raio indeed, of getting an error much greater than 0-2. 
When we do get such an eiror, it leads to an interesting deduction regarding the true 
value of the C C. between the quantities 

Suppose we have a universe containing two quantities of which the departures 
from normals obey the error law We take a random sample containing n x values 
of each. If the C (Vs calculated from this sample according to the product- 
moment method and the method of coincidences be and r 2 respectively, what is the 
chance that the true C C is r 0 } If we can calculate this chance, the most probable 
value of the true C. C. is that value* of r 0 for which this chance is the greatest. 

Unfortunately it has not been possible to solve this so far even on the assump- 
tion that all values of r 0 are equally likely From general considerations, however, 
we may make the following deductions : 

(1) Suppose r x = r 0 , then the greatest chance is that r 2 is also equal to r 0 . 
We do not know r 0 , but when /*, = r 2 we may infer that the most probable value 
of the true C. C. is also r v 

(2) It is also not difficult to see that the chance of occurrence of a given error is 
greatest when r 0 = 0, becomes less and less as the numerical value of r 0 increases 
and becomes zero when r 0 = 1 (numerically). Hence when the error (i.e., r x ^ r 2 ) is 
much bigger than 0*2, say, greater than 0*35 (five times the probable error), a very 
probable value of the true C. G. is zero, or at any rate it is very likely that the true 
C. C. is much different either from i, or r s . 
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Thus in these respects the method of coincidences forms a valuable supplement 
to those already known in that in addition to saving a large amount of labour it en- 
ables us to judge whether a C. C. is likely to be significant or not. 

By merely moving one slide over the other (prepared in connection with this 
method) we can also obtain the C. C. of one of the quantities with the other any num- 
ber of years (or orders) earlier or later, provided, of course, the total number of ele- 
ments for each of the C. C. is not less than 65. In this way a number of C. GVs, which 
have been termed “ symptomatische ” C. CVs by F. Baur (5), can be quickly deter- 
mined. Whether any use can be made of these C. V ’s remains to be seen. Perhaps 
they may be useful for testing periodicities. 

In conclusion, it may be said m favoui of the method of coincidences, that as n x 
increases not only will the error get less, but Ihe time in woi Icing out the C. (Vs will 
also become comparatively much less than with other methods, letting alone the fact 
that there is practically no chance of committing an error in the calculation. 
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THUNDERSTORMS IN THE PENINSULA DURING THE PRE-MONSOON MONTHS 

APRIL AND MAY 

BY 

S. P. Venkiteswaran, B.A. (Hons.). 

(Received on 31st October 1931.) 


In a previous Scientific* Note 1 *, the annual variation of thunderstorm frequency 
at a number of selected stations in India has been published, from which it is 
evident that the maximum monthly frequency of thunderstorms occurs in April in 
the extreme south of the country, m Way m Mysore, m June in the Central Provinces, 
and m July m the United Provinces. Dr Desaif has recently studied the thunder- 
storms of Poona and come to the conclusion that they are generally associated 
with a superposition of northeasterly to northwesterly winds at 3 km. and above 
over southwesterly to southeasterly. In the present paper is presented a more 
detailed study of the distribution of thunderstorms m the Peninsula south of latitude 
18°N, (see Fig. 1 which shows the area in contour), and the upper air circulation 
favourable for their occurrence during the months April and May, with special 
reference to the year J 929. 

The frequency of thunderstorms at 39 third class observatories m the Peninsula 
was worked out for the months April and May, during the ten years 1920 — 29, in 
order to find out their normal distribution during these months A station was 
reckoned as having had a thunderstorm on a day when there was evidence to show 
that there was precipitation accompanied by thunder or lightning Days on which 
the area was appreciably influenced by storms or depressions have been excluded. 
Figs. 2a and 2b represent the number of days on which thunderstorms occurred 
during the months April and May respectively for the ten-year period 1920 — 29. 
It is evident from the figures that the places most subject to this weather are those 
lying near the Western Ghats and the hilly regions of Mysore. It is also found that 
m southeast Madras the frequency of occurrence of ram with thunder is greater in 
April than m May, while at all other plaeos there is a larger number occurring in May* 
than m April. Within the* limits of the area under consideration, they also occur in 
lesser number during each of these months as we go to higher latitudes. 

Tables I (a) and I (b) give the hourly frequency of thunderstorms at Bangalore 
and Madras, respectively, for different months of the year. The distribution during 
the day for Trivandrum is given m Indian Meteorological Memoirs, Volume X, 
p. 180. Thunderstorms occur mostly m the evenings during April and May in 
Madras, and there is a sharp maximum frequency at 14 and 15 hours. Thunder- 
storms do not occur at all in these months m the morning hours at Bangalore, and 
the period of maximum frequency is between 20 and 21 hours. At Trivandrum 
thunderstorms occur more frequently during the evening hours m April and May, 
and the time of maximum frequency is between 15 and 16 hours. 

* Scientific Notes, Vol. I, No. 5 

t Dr. B. N. Desai. A Study of Thunderstorms in Poona in 1930, Scientific Notes Vol. Ill, No. 2T. 
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It is popularly known in Mysore and the Deccan that thunderstorms in this 
period are heralded by the appearance of cumulo-nimbus in the northeast. An 
analysis of the time of occurrence of the ram in April and May, at Bangalore and 
Mysore, shows that, generally, the precipitation occurs earlier at Bangalore than 
at Mysore, and that the thunderstorm travels from a nearly easterly or northeasterly 
direction. Taking into account only the tune at which ram actually fell on the same 
day at Bangalore and Mysore, it is found that, out of 117 such occasions in April from 
1920—29, during 22 occasions the rain occurred earlier at Bangalore than at Mysore, 
The corresponding number in May was 37 out of 59 such occasions. There was a 
difference in time of occurrence at the two places ranging from 2 to 4 hours. “ The 
hot season rains in April and May, sometimes called the Mango Showers, are of the 
accidental kind, and give heavy short storms from the east* ” It may be also 
mentioned that the thunderstorms occurring in Travancore generally travel from a 
northeasterly direction to Trivandrum j 

The seasonal weather over India can be briefly stated as follows. The surface 
pressure gradients are generally weak during the month of April J, but are such as 
to draw in air from the neighbouring seas into the Peninsula and northeast India; 
the heating of the land surface causes the accentuation of low pressure area during 
evenings. During May the gradients are stronger and a broad trough of low pressure 
running from northwest India southeastwards along the Gangetic Valley gets 
established. The isobars in the Peninsula run approximately from northwest to 
southeast, roughly parallel to the west coast. The winds on the surface are from 
south to southwest on the east coast, and from between west and northwest on the 
west coast There is therefore at the surface an inflow of air from the Arabian Sea 
into the Peninsula. The mean monthly temperature for the Peninsula has its 
maximum value in April and May , and thus the moist air from the seas gets warmed 
up by the prevailing high temperature during these months 


The mean monthly frequency of winds at 1, 2 and 3 kilometres during April and 

May, at Trivandrum, Bangalore, Mangalore, Madras and Poona have been published 
in the departmental Scientific Note§. The diagrams 3 and 4 give the normal stream 
lines of upper winds at the levels 1 km., 2 km. and 3 km. The most interesting 
feature of these stream lines is that the places of maximum occurrence of thunder- 
storms coincide with places where air arriving at 1 and 2 km. have travel over sea 
areas and are overrun at 3 km. and above bv air of distinct land travel and presum- 
ably of less specific humidity. It is seen from the table and the figures referred to 
above that, during April, the air at the 1 km. level flowing into the Peninsula has 
generally a travel over the Arabian Sea It is also seen that, at higher latitudes m the 
Peninsula itself, the air at this level has less and less travel over sea, and would there- 
fore become more and more dry. The wind at 2 km. during this month, below 
atitude about 13 N, is easterly, and therefore moist air from the Bay of Bengal is 
flowing over the middle and lower Peninsula, while above this latitude the wind 
is westerly, as is indicated by the wind at Poona, and these have comparatively a 
very small travel over sea, and are therefore presumably less moist. The air flowing 
into the Peninsula at the 3 km. level and above has no travel over sea, and it is only 
air of land origin skirting round an anticyclone at this level over the middle of India, 
ihcre is therefore, in the south of the Peninsula, moist air of sea origin up to 2 km. 
during April, and above this is dry air with practically no sea travel, which gives 
sufficient conditions for instability for the occurrence of afternoon thunderstorms. 


* Imperial Gazetteer of India, Mysore and Coorg, page 8. 

t ln Trivandrum, K. R. Ramanathan,— Indian Journal of Physics, Vol. VI], 1822, 

I S^flfi l0 W«f 1A Vr^°^ ln x^ a ’, :Eli0t ’ PlateB l4 ' 16ulld 16 - 
S Scientific Notea. Vol. II, No. 17, Part D. 



THUNDERSTORMS IN THE PENINSULA. 


147 


The conditions during May are similar to those in April, the only difference being 
that, during this month, the wind at the 2 km. level flowing into the south of the 
Peninsula has no longer a travel over the Bay of Bengal, but is similar to the winds 
at the 1 km. level, and has a tavel over the Arabian Sea. Fig . 12 shows the relation 
between temperature and humidity with height as observed by Mr. J. H. Field 
from a kite flight at Belgaum on 28th May 1906, and it is evident from this 
that the air is moist up to 2 km. and dry above. It will be noticed that the 
frequency of occurrence of thunderstorms diminishes at higher latitudes, and this 
is due to the decrease m the moisture content in the first two kilometres. Again, 
taking Poona as an example, one finds that the air at 3 km. has travelled nearly com- 
pletely round the anticyclone and, being also generally very weak, may not retain 
its original properties. It has also passed through regions where thunderstorms are 
of common occurrence. It may be mentioned here that the frequency of thunder- 
storms is greater in April than in May in southeast Madras, and this is due to the 
moist wind at 2 km being from the Bay of Bengal. The frequency is much greater 
nearer the west coast and over the regions of Mysore, and this is to a considerable 
extent due to the influence of the orography The Cardamom Hills to the east of 
Travancore, the Nilgins and the Bababudan Hills m Mysore are at most places nearly 
2 km. high, and the moist air from the Arabian Sea has a chance of getting collected 
to the west of these hills. When duer air is superposed on it and ground heating 
raises the lower layers, instability results at the surface of transition of the two 
layers. 

The mean lapse-rates up to 2 km. during the months April and May, as observed 
from temperature indicators at Madras, is 5°C per km and 5 • 2°C per km. respectively 
in the morning The mean lapse-rate for May in the afternoon is 6*4°C per km. 
It may be mentioned that the normal values of the relative humidity at 8 a.m. at 
Madras, Bangalore (0-92 km.) and Kodaikanal (2-5 km.) for April are 76%, 67%, and 
63% respectively, and 66%, 72% and 68% respectively for May, showing that the 
air has nearly the same moisture content up to 2 km. over the south of the Peninsula. 

It has been already mentioned that the source of the air at the 3 km. level over 
the Peninsula, including Poona, during April and May can generally be traced back 
to northwest India The mean temperatures of the air at 3 to 5 km. m May are 
practically the same at Agra and Poona, while in April the Agra temperatures are 
lower by about 2°C. The mean normal value of the dry bulb temperature at 16 
hrs. in May at Madras is 91°F (306°A), and, assuming the afternoon lapse-rate of 
6* 4°C per km., one finds that on the mean there is no definite temperature contrast 
between air at Madras and Agra at 3 km. On individual days, when there is a rapid 
flow o/ air from north India towards the south, there mav be a difference of tem- 
perature, but with the data available at present, it is not possible to be precise on 
this point. 

On charting the rainfall recorded at all the provincial rainfall stations in the 
Peninsula south of latitude 18°N for every day in April and May 1929, it was found 
that the ra-nfall was neither scattered nor local as one might infer f om the data 
from the daily weather reporting stations alone, but was often widespread ; the 
number of occasions when there was scattered and local distribution of rain was 
small. It was however found that isohyets could not be drawn, and the distri- 
bution of the amount of ram was irregular. Trajectories of the wind at 1 , 2 and 3 
km. above sea level at Trivandrum, Managalore, Bangalore, Madras and Poona were 
also drawn for a large number of days in April and May 1929. 

Figvres 5 to 8 show the upper air trajectories in the morning of a number of 
selected days and the corresponding rainfall distribution during the next 24 hour* 
(8 hrs. to 8 hrs.). 



148 


S. P. VBNKITBSWAKAN. 


Figure 5 : — 7th May 1929. The trajectories of air arriving at Poona show that 
there could be very little moisture in the first two kilometres and the air at 3 km. 
was very weak and indefinite. The trajectories for Trivandrum show that the air 
was from the Arabian Sea at all levels and as such instability could not be expected 
there. When we compare the trajectories for Madras, Bangalore and Mangalore, we 
find that at Madras the wind at 2 km. was distinctly of land origin and therefore* dry, 
and there was moist air only up to 1 km. But there was moisture up to 2 kra. 
directly from the sea at Mangalore, and the trajectory at 2 km. for Bangalore 
indicates the limiting area up to which there is moisture up to 2 km. All the three 
places have dry land air at 3 km. The trajectories at 4 km are found to be similar 
to those at 3 km. Fig. 5b shows the area at which rainfall occurred during the day. 
The relation between the air masses over an area up to 4 km. and the thunderstorm 
rainfall over the area appears to be very striking. 

Figure 6: — 25th May 1929. The air up to 2 km. at Poona is more directly from 
sea on this day, but the air at 3 km. also was from the Arabian Sea, and as such one 
can hardly expect any rain over that region. 

Figure 7 y — 27th May 1929 is another striking example which shows the relation 
between the area of rainfall and the air masses over the area 

In Fig. 8 , 8th April 1929, the air at 1 and 2 km., as indicated by the trajectories 
at Bangalore and Madras, is from the Indian Ocean or from the south Bay At 
Poona and Mangalore, the air at 1 km. is from the Arabian Sea, while that at 2 km 
is from the Bay of Bengal. The air at 3 km. at all these places is of land origin 
One finds on this day a very wide distribution of ram, and orography had a large 
influence in its occurrence. 

In Fig. 9 , 9th May 1929, the air is from the north at both I and 2 km levels, 
and therefore there is not sufficient moisture in the lower levels for the formation 
of thunderstorm though the air at 3 km. may be of land origin, as is usually the case. 
In Fig. 10, 14th May 1929, the air at Madras was coming from west at 1 km. At 
Bangalore the air is of Arabian Sea origin at 1 km., but that at 2 km has only land 
travel ; the air at 3 km. is not the usual one of land origin, but flows in from the 
Arabian Sea. At Mangalore, though there is moisture m the first two kilometres 
from the Arabian Sea, the air at 3 km. is also from the Arabian Sea, and as such 
thunderstorms did not occur in those areas. 

Figure 11 : — 20th May 1929. Scattered distribution of ram sometimes occurs 
during certain thunderstorms, and this is well illustrated by Fig. 11 where the moist 
air at 1 km. or 2 km. is nearly stagnant and the winds are very weak. 

In a paper* published a few years ago, Dr. Ramanathan pointed out that the 
thunderstorms at Trivandrum are most frequent during seasons when there is a 
great frequency of calms at about 2 km., as given by the winds at Agustia (nearly 
6,200 ft. above sea level), thus facilitating upward convection. The winds at Tri- 
vandrum during May up to 2 are mainly westerly to northwesterly, and the 
winds at 3 km. are northwesterly or northerly to northeasterly. It is observed from 
the analysis of the thunderstorms in April and May 1929 that, if the winds are 
northwesterly up to 3 km., there was seldom any precipitation produced. (See 
Figs. 5 , 6, 10 and 11.) 

Thunderstorms therefore occur when there is a moist westerly or northwesterly 
air up to 2 km. and a northeasterly current at 3 km., having only a travel over land. 
Their occurrence is also very much facilitated by the orography. To the east of 
Cochin are the Anamalais with an average height of nearly 2 km., and moist air gets 
entrapped in the coastal regions and, on being lifted up, owing to the difference in 


* Loc. c it. 
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the lapse-rates, gives rise to the instability. West of the Qhats the inflow of moist 
air is vigorous in the evenings on account of the sea breeze and, with the high barriers 
to the east, thunderstorms are of more frequent occurrence in the Cochin and 
Travancore areas. 

The thunderstorms of the Peninsula present points of similarity to the Nor’west- 
ers of Bengal*. As has been already mentioned previously, they have a tendency to 
travel in the direction of the overrunning dry air at 3 km. These thunderstorms 
are not so vigorous as the Nor’westers of Bengal, for the dry air at 3 km. and above 
loses much of its velocity in skirting over the region of high pressure in the central 
parts of India and the Deccan, and has also to travel over a larger extent of land 
towards lower latitudes before it reaches a region where there is a regular supply 
of moisture in the lower layer. Its properties therefore gradually approximate to 
those characteristic of the new environment. In Bengal, there is a laTge quantity 
of moist air entering the country direct from the Bay, on account of the prevailing 
pressure distribution. Superposed on this, there is often dry cool air at 3 km. and 
above, of land origin coming from the Punjab, more or less parallel to the Himalayas. 
The movement being rapid and along a latitude, the original temperature and 
dryness are moie likely to be retained. 

1 am much indebted to Dr. K. R. Ramanathan for his encouraging interest in the 
work I am also indebted to Mr. C. Seshachar of Bangalore and Mr. A. A. Narayana 
Iyer of Madras for giving me the data of hourly frequency of thunderstorms at 
Bangalore and Madras respectively. 


* Thunderstorms of Calcutta, 1900-26, V. V. Sohoni, Scientific Notea, Vol. I, No. 3. 



TABLE I a. 

Mean hourly frequency of thunderstorms at Bangalore for the years 1980 — 29. 
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TABLE I b. 

Mean hourly frequency of thunderstorms in Madras during each month of the year as deduced from records from 1916—1930. 
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ON T HE EXTREME DRYNESS OBSERVED AT KODAIKANAL DURING THE 

WINTER MONTHS. 

BY 

S. L Malurkar. 

(Received cm 10th September 1931.) 

Summary — It is known that fluting thp winter months the relative humidity at Kodaikanal often 
reaches as low' values as 4 per cent On examinat inn it w as wn that the other hill-stations, at elevations 
of 2 kms. or more, experienced gn at divnev* The period of great drvness at all the places is generally 
the same A study of the mctcoi oloirn al conditions of such \ei\ div da\s w undei taken in this paper 
It is shown that the incursion of tin* cold dry air of North India, which reaches the hill-stations of 
South India duo to the permanent anti-<*\« lone o\or I)e< can and South India, is not sufficient to account 
for the extreme divness The diwuss i^ prol»«il»lv as^otiated with the movement of a dry inversion 
layer which marks one of the limits of subsirlcn< e in the anti-evclonic region 

Introduction.— In the Annual Iteport of Madras and Kodaikanal Observatories 
for the year 1899-1900, V Miclne Smith writes — ‘ A very striking feature of the 
climate is the extreme dryness of the air on a numbei of days during the period 
December to March Thus, assuming the usual formula to he correct under these 
extreme conditions, which is unlikely, the relative humidity at 8 a m was only 4 
per cent on January 15tli and 115th and it was from 5 to 8 per cent on fourteen other 
mornings The extremely large range of humiditv experienced here is very trying 
to woodwork of all kinds All cameras and durkslides, even if they have been 
in the tropics for years, require to lx* carefully examined for cracks at frequent 
intervals.” The year chosen bv Miclne Smith was extraordmaiilv drv, judging 
from the figures above. The fact of the occurrence of verv dry da vs every vear is 
unquestionable In this paper an attempt is made to study in detail the meteoro- 
logical conditions of such verv dry days 

Description of the stations. — Kodaikanal is one of the hill-stations of South India 
(lat 10° 13' 50' N , long 77 4 28' E , and elevation 2313 metres) on the upper Palnis, 
which are an offshoot of the Western Chats and which are connected with the main 
body of the Travancore hills to the West The exposure is good at the meteoro- 
logical station, which is on the summit, of the hill * 

The other lull-station in South Tndia at a height of 2 kms above sea level which 
takes meteorological observations at present is ( Vxmoor, at a distance of 168 kms. 
from Kodaikanal Its geographical position is lat ll n 21' N , long. 76° 48' E. and 
elevation 2*0 kms Past data are available for two other hill stations in the neigh- 
bourhood of Coonoor They .are Doddabetta, (lat. 11° 25' N , , long. 76° 40' E. ; 
elevation 2603 metres) and Ootacamund, (lat 11° 24' N , long. 76° 44' E , elevation 
2234 metres). Data that are available for Doddabetta are eye observations at 10 and 
16 hrs. local time supplemented by continuous records of drv and wet bulb tempera- 
tures, pressure, and wind direction and total run Only eye observations at 8 a. m., 
(local time), are available for Ootacamund A very good general description of the 
Nilgiri Hills is given by If. F. Blandford in his book on the “Climates of India,” 
page 119. 


* I have to thank Dr. A. L. Narayana of Kodaikanal Observatory for the description of the place . 
M35DGOb ( 137 ) 
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A very cursory glance at the data of these hill stations shows that generally the 
days are humid in December and January but exceptionally dry days occur at intervals 
for 6pells of two or three days The average humidity in February is less than that 
in the two previous months and so a more detailed study is necessary to distinguish 
dry days. A day to day graph of humidities for Kodaikanal and Coonoor for the 
month of January and for a few days in February of 1931 is given, (Graph 1 .) It iB 
seen that the humidity curves for the two places agree closely, i.e., follow each other. 
There are exceptions like the 24th and the 31st of January. A possible explanation 
will be given below For the previous years a simple examination was made and it 
was found that as a rule the days of low 7 humidity at all hill stations are almost the 
same. 

An examination of the humidity data of the hill station Mercara, of the plateau 
stations Bangalore, Mysore and Coimbatore and the sea level stations Trichinopoly 
and Madura whose ehn ations an below 1 5 kms. yielded neither days of extremely 
low humidity, nor any obvious relation to the humidity of Kodaikanal. The 
station Periyakulam at the base of the Palm Hills, where continuous records of me- 
teorological data w T ere made for some years, does not show any degree of dryness 
comparable with that of Kodaikanal on dry days It may be deduced therefore that 
the extreme dryness is not confined to any one particular hill station, like Kodaikanal, 
but is exhibited almost simultaneously at all hill stations at an elevation of about 2 * 
kms. Also the phenomenon is absent at the above-mentioned lower level stations. 
So it- follows that the low w 7 ater vapour content is a general property of air at about 
2 kms and more, throughout South India, on those days 

Statistical Examination.- The data relating to the years 1920-29 w r ere examined 
to deduce most of the conclusions of this paper But w 7 hen any particular data were 
wanting during this ten-year period reference w 7 as made to the data of other years. 

Table I gives the distribution of humidities in the above period. For a majority 
of the months only the 10 hrs. and 10 hrs (local time) frequencies are given. In 
order to bring out the fact that there is no essential difference between the 8 hrs. 
and 10 hrs. frequencies the corresponding frequencies of 8 hrs. are given for the winter 
months (from December to February). Graphs are given here, (Graphs 2 io 5), 
showing the humidity distribution .- 

(i) for the tw 7 o months December- January, 

(li) for February, 

(in) for a typical monsoon month, July, and 
(iv) for November. 

As the distribution curves of humidity were similar for the two months December 
and January a combined graph is given. 

It is seen that the frequency distribution at 16 hrs. is represented in all the months 
by a unimodal curve The 10 hrs curves for months other than the winter months 
can also be seen to be ummodal But the December- January curve for 10 hrs. 
shows double maxima. One of the maxima lies at about 25 per cent, and the other at 
about the point of saturation. That is to say, a large number of days are very humid, 
but sometimes low values of humidity 7 are reached. The intermediate humidities 
do not occur often The frequency curve of 10 hrs. for the month of February is 
flat or has an extended maximum November shows the transition from the pre- 
winter to winter conditions, ? e , from the single maximum to the double maximum 
type of humidity-distribution. 

It follows from the above that there are at least two causes operating which 
determine the humidity of Kodaikanal in the winter months. One of the causes iR 
responsible for the great dryness, and the othoc for dampness. 
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Dot diagram? of departures from normal of the maximum, the minimum and 
the mean temperatures plotted against humidity show that, on days of low humidity, 
(i) the maximum temperature tends to be higher than usual, (u) the minimum tends 
to be lower than usual, and (in) the mean temperature tends to be above normal. 

Out of 620 days of December and January in the five years 1920-24, it was found 
that there were 100 days with humidity equal to or less than 30 per cent Out of 
these 100 days, (?) there was no clout! on 56 days, (u) there were high clouds on 34 days, 
(in) there were medium clouds on 9 days, and (? v) the skv was overcast with low clouds 
on only one dav The other five years 1 925-29 also showed one dry day with overcast 
sky. Hence, except foi very rare occasions, it may be said that the days of low hunu- 
dity are associated with practically clear skies 

The changes in i he value of the dry bulb temperature are not sufficient to account 
for the large variations oi relative humidity at the hill stations. For this purpose 
the vapour pressure of water >nav be compared on a dry and a wet day As a specific 
example, at 8 hrs on 18th January 1931, the value of the vapour pressure was 10*2 
mm. of mercurv , ami ten days later, (28th), the vapour pressure was only 0*5 mm 
The \ anation of the drv bulb temperature was only from 55° F. on the 18th to 62° F. 
on the 28th at 8 hrs 

On the other hand, the wet-bulb temperature had fallen from 54° F to 10° F. 
in the same interval. It was found aH a rule that, on days of low r humidity, the wet- 
bulb thermometer showed low values , the departure from the normal values being 
as great as 15° ^ This shows that the large variation of the relative humidity is 
due to the large fall m the wet-bulb thermometer As the wet-bulb temperature is 
indicative of the potential act-bulb temperature, which is a conservative property 
of an air mass, it follows that the samples of air near the surface of the hill stations on 
dry and wet days have not the same origin * Hence it is necessary to trace the origin 
of the air on dry and wet days 

Origin of the air. -In what folhnvs, the word “ motion ” when used without anv 
qualification means a purely horizontal movement, t r , a movement such that cor- 
responding portions of air retain the same elevation above sea level. 

Upper air trajectories for days of extreme humidity conditions have been drawn 
for South Indian Stations Only horizontal movement of air has been considered. 
One trajectory chart is given for a dry day (Fig /). It was seen that on damp days 
at the hill stations the air supply at about those places came from the Bav of Bengal, 
and the direction of the incoming stream w as ESE to SE. On days of great dryness the 
trajectories could be traced up t o the head of the Bay of Bengal. The period occupied 
in traversing the distance betw een the head of the Bav and South India was three to 
four days At the head of the Bav the upper air movement (above 1 to 1*5 kms.) 
is from a westerly direction ft follows therefoie that the air mass found in South 
India has been controlled by the anti cyclone existing over Deccan in the winter 
months, f 

It is possible that the horizontal or advectional movement of the air may ex- 
plain the large variations of relative humidity at Kodaikanal. 

The prevailing direction of the winds in South India during winter is all easterly. 
Hence it is not necessary to consider any air movement from a westerly direction. 
The winds from a south-easterly direction bring in wetter days, and it is usually 
seen that these south-easterly winds have had a long sea travel. The air from a 
north-easterly direction can generally be considered to be a part of the anti-cyclonic 

* Vide Memoirs of the Indian Meteorological Department, Volume XXIII, Part I, Wet Bulb Tem- 
peratures and Thermodynamics of the air, C W. B. Normand, pp. 1 et seq . 

t See the Upper Air Charts m Indian Meteorological Department, Scientific Notes, Volume I, No. b ; 
and Volume III, No. 21 of the same senes, 41 Upper Air Cireulation over India, eto., ” by H.C. Baner jee 
and K. R. Ramanathan. 
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circulation and hence the origin may be traced to North India. The air in North 
India is generally dry in winter at all the levels and so it may be imagined that this air 
moving horizontally to reach iower latitudes gets heated up slowly and ushers in dry 
days at Kodaikanal. If this view should be tenable the other consequences of such 
an assumption would be — 

(1) The advent of dryness at Kodaikanal should bring in colder days than 

usual as potentially colder air is reaching the place. 

(2) The dryness should also be associated with a fall of wet-bulb temperature. 

Hence the continuous records which are available should show a fall 
of dry-bulb temperature with the fall of wet-bulb temperature, and the 
dry-bulb temperature must continue to fall as long as wet-bulb tem- 
peiature falls 

(3) Stronger winds should bring in more supply of dry air and hence the 

humidity should be lower on days of stronger winds than on relatively 
calmer days 

(4) Th“ vapour pressure at Kodaikanal should not he less than that found at 

equally great elevations m North India, either from sounding balloon 
data or day to day observations at some hill-station. In the cases 
examined no precipitation had taken place along the path of the air , 

(ft) There should be some relation between the time of occurrence of low humi- 
dities in North India hill stations and Kodaikanal. 

The results of dot diagrams show’ that tlie air temperature actually tends to be 
greater on very dry days An examination of the continuous records of Richard’s dry 
and wet bulb thermometers has been made It was found that when the humidity 
was constant, no special characteristics were found in the dry and wet-bulb records 
But a transition from high to low humidity is accompanied by very special changes. 
The wet-bulb temperature falls, often abruptly, by nearly 5° F. ormoie, and the dry- 
bulb temperature rises soon aftei by an amount which is variable but is ahvays less 
than that of the wet-bulb temperature It is possible to see pulses of fall of w r et- 
bulb temperature and rise of drv-bulb temperature and vice versa (See e g , Fig . 3). 
A detailed study of some transition days is given in Table II. Some of the autogra- 
phic records of Kodaikanal are given in Figs. 2-7. 

It may also be noted that the transitions of high to low humidity take place at 
night or in the evening. 

On days of low’ humidity at Kodaikanal the upper air velocities, as found from the 
pilot balloon data of South India stations, are smaller than usual at levels 2 km — 4 
km. 

The upper air humidities over Agra cannot be used profitably for this work as the 
soundings have not been made over a continuous period. Simla is one of the driest 
North India stations at an elevation of 2 kms. The vapour pressure at Simla often 
falls to very low r values A search to find some time-relation between the periods of 
occurrence of low humidities at Simla and Kodaikanal gave a negative result. On 
February 9th, 1931, the vapour pressure at Kodaikanal w’as less than 0-02 mm of 
mercury. Simla had not experienced such a dry day in the immediate past. 

Taken cumulatively, these reasons show’ that advectional motion of air cannot 
alone or even chiefly account for the extreme dryness observed at Kodaikanal. 

No sounding balloon data exist for the south of the peninsula ; but some insight 
can be gained about the changes of temperature from the ground upwards from the 
continuous records of Penyakulam and Kodaikanal in the past years. The difference 
of level between the two stations is 6744 ft. (2-06 km). At 8 hrs. in the morning 
the difference of temperature between the two stations is as much as 24° F. on days 
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of high humidity and as small as 7° F. on days of low humidity. Hour to hour 
readings for the two stations for the days 12th- 14th January 1909 are given in 
Table III. The difference of temperature drops from 13*5° F. at 8 hrs. on 12th to 
6 • 3° F and 6 • 4° F. at 7 and 8 hrs. of 13th respectively, and rises again by next morning 
to 20-7°F. It follows therefore that below the level of Kodaikanal a layer of inver- 
sion exists on very dry days The exact height is not available at present as no ob- 
servations have been taken 8ome information can however be derived from the 
few sounding balloon data at Poona for the past two or three winters. It is possible 
to find a layer of inversion from the Poona sounding balloon data which is common 
with the inversion layeT as derived from the pilot balloon data of the South Indian 
stations. A dot diagram of such an inversion layer at Poona and the corresponding 
humidity at Kodaikanal is given in Graph 0. It can be seen that the inversion over 
Poona, and probably therefore over the Deccan, is at lower levels as the day is drier 
at Kodaikanal. 

Discussion. — From what has been said above it follows that samples of air of 
different origin are to be found at Kodaikanal on very dry and very wet days, and 
that advectional movement of air alone cannot' account for the extreme dryness 
experienced The only possible origin ot dry air is from abo\ e That is, the air has 
actually descended from higher levels In a theoretical case the rate of descent was 
calculated by Napier Shaw to be very small (KGm day) m the case of a stationary 
anti-cyclone, and to be slightly larger in the case of a developing one In a perma- 
nent anti-cyclone the descent of air is so slow that the descending air will acquire 
approximately the normal temperatuies at every stage In a developing anti- 
cyclone, the descending air will probably not have so much time to transfer its heat 
to its surroundings and it is likely that the descending air will be warmer than its 
neighbourhood It may be expected therefore that in a developing anti-cvclone the 
advent of dry air may bring m warmer days 

A dxy inversion layer marks the lower limit of subsidence. Tt is seen from 
Graph 6 that this inversion layer descends to low^er levels sometimes and that great 
dryness is experienced at Kodaikanal simultaneously. It may be presumed that the 
anti-cyclonic subsidence is occurring every day m winter , but the inversion layer is 
generally far above the elevations of the hill -stations of South India When this 
inversion layer lies below r the level of some of the hill stations, these stations experience 
great dryness. Those hill- stations beIow T the inversion layer do not exhibit any very 
low humidity. We cannot at present ascertain the factors that determine the move- 
ment of the inversion layer. Sverdrup s observations showed that strong advectional 
currents are not favourable for the formation of inversion layers * From the remarks 
given earlier, on diy days the upper air velocities (at elevations 2 to 4 kms. above 
sea-level) are smaller than usual , and so the calmer state of air is much less unfavour- 
able for the formation of inversion layers at low'er levels But on days of strong 
winds the inversion layer or the lower limit of subsidence is lifted up. It is also possible 
that the calmer state of the upper air on dry days is less favourable for the quick 
replacement of fresh air horizontally and for a rise of hunudity. 

In addition to the dry inversion layer, it is possible that other inversion layers 
exist at lower levels. For w^ant of data no investigation into their causes has been 
made. The lower inversion Is probably due to the radiation losses from layers of air 
very near the ground level During clear nights and early mornings in winter 
turbulence tends to disappear and favours the formation of the inversion layer. It 
is also possible that subsidence occurring at higher levels may help the sharpening 
of the layer of discontinuity. 

* H. U. Sverdrup. Monthly Weather Review, Washington, 1925, pp. 471 — 475 “ On the North 

Polar Cover of Cold Air.** 
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When this investigation was complete, my attention was drawn to a paper on 
similar lines by Hofimeister,* for stations iu Central Europe, which finished with 
similar conclusions. 

I have to express my great obligation to Dr. C. W. B. Normand for the suggestion 
of the problem and for helpful advice I thank the Director of Kodaikanal Observa- 
tory for kindly placing at my disposal all the relevant material. 

Table I. 


Number of days when humidity lay in the range 


Months 

0 

—9 

10 

—19 

20 

—29 

30 

—39 

40 

—49 

50 

—59 

60 

—69 

70 

—79 

80 

-89 

B 

January — 











8 hrs 


33 

38 

18 

24 

18 

22 

26 

37 

92 

lOhrs. 


24 

44 

30 

32 

25 

43 

26 

B?1 

64 

16 hrs 

1 

2 

6 

18 

32 

26 

34 

68 

56 

67 

February — 

■ 










8 hrs. 


21 

31 

32 

30 

39 

42 

24 

B33 

29 

10 hrs 

6 

25 

36 

47 

52 

43 

34 

13 

15 

42 

16 hrs 

0 

4 

18 

36 

40 

29 

48 

50 

36 

22 

- 










March — 

10 hrs 

6 


61 

59 

59 

30 

32 

15 

12 

■1 

16 hrs 

0 

1 

21 

34 

51 

47 

56 

46 

30 

24 

April— 

■ 










10 hrs 

HI 

1 

27 

53 

52 

51 

52 

35 

24 

5 

16 hrs 

B 

O 

1 

8 

27 

38 

52 

70 

61 

43 

May- 

10 hrs 

■ 

R 

9 

19 

54 

82 

67 

50 

19 

n 

16 hrs 

B 

■ 

1 


5 

21 

40 

89 

107 

B 

June — 


| 


B 

HI 





■ 

10 hrs. 

0 

■ 

O 



23 

69 

116 

58 

22 

16 hrs. 

0 

B 

0 

0 

l 

HI 

28 

69 

101 

94 

July- 






B 





10 hrs 

0 

0 

0 

i 



35 

98 

102 

54 

16 hrs 

H 

0 

0 

0 

1 

B 

16 

55 

108 

122 

August — 





HI 






10 hrs 

0 

0 

0 

0 


17 

55 

111 

101 

20 

16 hrs. . 

0 

0 

H 

0 

2 

3 

12 

45 

121 

127 

September — 











10 hrs 

0 

0 

0 

2 

10 

18 

40 

118 

96 

16 

16 hrs 

0 

0 

0 

0 

2 

3 

15 

42 

123 

115 

October — 

H 

HI 



HI 






10 hrs. 

Hi 

■ 

2 

10 

HI 

18 

33 

68 

93 


16 hrs. 

Ha 

0 

0 

0 

Km 

5 

17 

38 

86 

160 

November — 











10 hrs. 

0 

9 

8 

9 

14 

16 

28 

43 

56 

117 

16 hrs. . 

0 

1 

3 

2 

6 

11 

9 

30 

74 

164 

December — 

wm 








mm 

BB 

8 hrs. . • ■ . 


32 

36 

17 

24 

20 

25 

20 


106 

10 hrs. 

O 

36 

32 

26 

23 

29 

32 

25 

34 

73 

16 hxs. 

m 

0 

9 

8 

18 

24 

39 

48 

56 

107 


*J. Hofimeister, Bin Beitrag zur Unterauohung niedriger Luftfeuohtigkeitswerte auf der 
fidbrnsla^e and auf dem Brocken, Berioht fiber die Titigkeit des Breuss. Met. Inst, im jahre 1930 , 



























































































































Extreme dryness at kodaikanal 


Table II. 

Detailed study cf the thermograms at Kodnikanal for the t) unsit ion dny.i 16th-17th 
December 1920, and 30th-31st December 1929. (Times are reckoned from midnight.) 


Date. 


lime 


hn 

Min 

16th December 1929 

8 

0 


lo 

0 


Hi 

u 


18 

0 


2o 

0 


22 

0 

17th December 1929* 

0 

0 


0 

lb 


0 

20 


0 

r» 


1 

0 


1 

i.i 


1 

30 


1 

15 


2 

0 


■» 

1.1 


o 

30 


2 

I.i 


3 

0 


a 

1.1 


a 

30 


3 

1.1 


j t 

0 


4 

30 


.1 

0 


.1 

30 


0 

0 


s 

0 

30th Decern her 1 92 9 

s 

0 


20 

0 


i > 

0 


0 

0 


0 

1.3 


1 

0 


1 

I.I 


1 

30 


1 

1.1 


2 

0 


2 l-> 


2 

30 


2 

lo 

31st December 1929 

3 

0 


3 

ir> 


3 

Ifi 


4 

0 


4 

1.1 


4 

30 


4 

4.1 


5 

0 


i> 

0 


8 

0 


Humidity 


N'ldtivo absolute 

(%) (in mms.) 



* Note the pulses mentioned before with humidity maxima nt 0 hr. 0 min., 2 hr. 45 nun., 4 hr., 
ft hr 9 of 17th December 1029. (See also Fig. 3.) 
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Table III. 


Date and Time 

Kodaikanal 

Humidity. 

Periyakulam. 

Difference of 
Dry Bulb. 

l)iy Bulb 

Wet Bulb 

lul 

\bs 

Dry Bulb. 

12th January 1909 — 


MB 

mm 




8 hra 

5J 2 



1 32 

66 7 

13 5 

9 

35 8 

mmSm 

■ 

2-08 



10 

58 1 

IKffil 

BM 

1 72 

74 9 

16 5 

11 

00 

41 8 

11 



17 1 

12 

01 1 

43 5 

IS 



17 6 

13 

(.2 1 





18 7 

14 

02 0 


■^V JH 



20 6 

15 

01 1 





21-0 

16 

liO 2 

u r> 

13 

1 70 

81-7 

21 5 

17 

50 8 

39 <> 

14 

1 05 

80 4 

23 6 

18 

53 S 

37 2 

12 

1 27 

75 6 

22 8 

19 

52 '» 

30 0 

9 

0 99 


20 6 

20 

5 2 

35 0 

9 

0 89 

71 H 

19 5 

21 

52 2 

35 l 


0 71 

70 1 

17 9 

22 

52 1 

30 2 

^ 1' 

1 20 

08 7 

lt> 6 

23 

10 7 

35 0 

HI 

1 JO 

(it) 9 

17 2 

13th Januarv 1909 — 







0 hrs 

49 L 

35 0 

17 

1 50 

66 6 

17 5 

1 

30 3 

34 9 

12 

1 12 

(55 1 

14 8 

2 

48 9 

34 4 

11 

1 17 

03-4 

14 5 

3 

50 4 

33 8 

7 

0 04 

02-3 

12-1 

4 

50 2 

32 7 

3 

0-20 

(51 (5 

11-4 

5 

19 5 

32 0 

1 

0 33 

M> 6 

11 1 

6 

19 1 

.{2 3 

4 

0 35 

59-7 

10 3 

7 

53 1 

35 0 

3 

0 33 

.59 7 

0 3 

8 

59 2 

39 6 

8 

M7 

05 6 

0 4 

9 

00 1 

40 9 

12 

1 52 

71 2 

11 1 

10 

63 8 

43 0 

10 

1 52 

74 0 


11 

06 1 

47 8 

22 

3 00 

70-4 

^ifBrrB 

12 

65 3 

17 8 

2*1 

3 80 

78 « 

K|| 

13 

0 4 0) 

17 8 

20 

4 00 

80 6 

■il 

14 

01 o 

IS 8 

31 

1 77 

82-1 

18 1 

15 

01 4 

17 3 

21 

3 71 

82 8 

18 4 

10 

00 0 

15 8 

29 

J 91 

82 0 

21 7 

17 

57 0 

M 7 

30 

3 58 

80 0 

23 0 

18 

53 S 

10 s 

20 

2 10 

77 0 

23 8 

19 

5! 5 

111 1 

34 

3 25 

76 5 

25 0 

20 

MtU 


01 

5 30 

74*8 

27 6 

21 ~ 



41 

3 53 

7.1 7 

25 3 

22 # 




4*57 

71 7 

26 2 

23 

■H 

HU 

Hi 

3 45 

72 G 

20 2 

14th January 1909 — 







0 lira 

45 4 

38 8 

.i 

4 18 

09 7 

24 3 

1 

48-3 

43 1 

in 

5-71 

69 5 

21-2 

2 

49-5 

44 5 

os 

6-10 

68 0 

19*1 

3 

49 tl 

44 8 

71 

G 25 

08-6 

20-0 

4 

48 9 

14 2 

71 

6 12 

08-6 

19*7 

5 

49 5 

14 8 

71 

0 40 

68 0 

19-1 

6 

49 5 

44 7 

7! 

6*40 

67 8 

18-3 

! 7 . 

49 6 

14 8 

70 

6-52 

67*6 

17-0 

j 8 

50 1 

45 3 

71 

6* 45 

70-8 

20-7 


The temperatures are in Fahrenheit degrees and tho absolute humidity m millimetres of mercury 
at latitude 46 and 32 s F. ‘ J 
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Trajectories oi Upper Air. 
17th December 1930. 
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Fig. 1(e). 


Trajectories o 4 Upper Air. 
17th December 1930. 
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A detailed description of this chart 16th -17th-12-29 is given in Table II 







Chart for 21st-22nd December 1929. A wet day. Both D.B. and W.B. 
traces run uniformly. "°‘ opo<>n * 
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A DISCUSSION OF MONTHLY MEAN VALUES OF UPPER AIR TEMPERATURES 
AND HUMIDITIES OBTAINED FROM AEROPLANE ASCENTS 
AT PESHAWAR AND QUETTA 


By 

A. Narayanan, M.A. 
(Received on 11th March 1931.) 


. ^, le P a P £I contains an analjwh of the daily observations of temperature and humidity 
* e ™P , “ e8 »* ***«« dunn * the >«“•• 1927 to 1929. and at Quetta from June 
l?i. 1930 r * Th ' em “tl>od of working out the data is briefly described and tables of mean 
tem P cratuie > lapse-rate and relative humidity forrlifferent heights are given. The 
T«Sf m™ ll !7r C and huiuiditus ovei the two stations ha>e been briefly discussed 

Peshawar, and [ Agra al?l Q«m" hive" SSS <fr ° m hM °° n aSPent,,) “ d 


Introduction.— Observation^ of div and wet bulb mercury thermometers have 
been taken almost, daily at diffeient heights over Peshawai and its neighbourhood 
from It. A F. aeroplanes since December I 92fi Similar observations were stalled at. 
Quetta in June 1927, but till the end of December 1928 daily obseivations were not 
made, the number being only about 7 or H per month. From January 1929. however 
observations are being mad*' on almost all davs theie also. Tile setting of the instru- 
ments, the instruction of obseivers, and the collection of observations were done by 
theE. A F Meteorological Office! s. Fit Lt Vervard at Peshawar and Fit Lt Batty 
at Quetta The thermometer nsodweieof the Mark III pattern (Makers, S. <fc A 
v^alderara) made aceoi ding to the specilical ions of the London Meteorological Office. 
They had a range from 0-130' V Two therinoinetors w r ere mounted on a wooden 
board— one dry bulb and the oilier wet bulb A copper vessel was provided for 
holding water for the wet bulb A frame holding two convex lenses sliding on two 
vertical rods fixed to the boa, id was placed in fiont of the thermometers at such a 
distance that Leadings could be taken fiom a distance of 1 to 5 feet. The sliding 
frame was operated bv a piece of cord The psych rometer was lushed to one of the 
struts of the aeroplane The data up to the end of June 1928 weie worked out and 
tabulated in the Upper Air Dbservatoiv, Vgrn Since that date the data are being 
worked out. in the Upper Air Section at Poona In this paper an analysis is made 
of the Leshawar data fiom January 1927 to December 1929 and of the Quetta data 
from June 1927 to May 1930. 


eshawar Data. -Hie daily ascents were not. all made from Peshawar, but were 
ma e from one of the three stations Risalpur, Peshawar and Kohat. m a more or less 
regular cyclical order, for two weeks from Risalpur, for the third week from Peshawar, 
or the fourth week from Kohat. and again for the next two weeks from Risalpur and 
so on. Risalpur is about 25 miles to the KNE of Peshawar and Kohat 30 miles 

° above sea level of the aerodromes at Risalpur, Peshawar 

and Kohat are 320 m., 350 m. and 535 m. lespectively. 


Each aeroplane is provided with an altimeter with trade scale. This gives the 
correct heights when the mean temperature of the air column is 50°F. For other 
temperatures, these heights must first be corrected for the deviation of the mean 
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temperature of the air column from 50° F. Before the ascent the altimeters are set 
so as to read zero at the level of the aerodiome and readings of the dry and wet bulb 
thermometers are taken at heights of 1000, 2000, etc., feet above ground as read by 
the altimeter. 

From 1st Apnl 1927, aeioplane aneioids weie brought into use in the aeroplanes 
and these wore lead along with the dry and wet bulb thermometers. All these 
aneroids had their scale con eet ions determined at Agra The aneroid was carried in 
the rear cockpit The leadings of these weie periodically checked by comparison 
with a mercun harometei. 


I T p to April 1927 all heights weie calculated from the altimeter readings. From 
April, for a few da\s in each month, the heights weie calculated also from the aneroid 
readings and compaied with the (onesponding altimeter heights The comparison 
showed that although on individu.il da vs the heights calculated bv the tw r o methods 
showed wide deviations, paiticuhnlv at Bisalpur, the mean diffeiences for any 
month were small Also the diffeioncts between the altimetei and the aneroid 
readings followed no definite rule, being positive on some days and negative on other 
days Hence the altimetei leadings were taken as correct and up to the end of June 
1929 all the heights were calculated fioni the readings of the aeioplane altimeters 

The heights as lead bv the altimeters were corrected fiom tables for the mean 
temperature of the air column calculated from the 1 elrv bulb readings and reduced to 
heights above mean sea level The heights in foot and the corresponding tempera- 
tures m °F were converted graphically into kilometres and °A (273 ]-°C) respec- 
tively The* values of relative humidify at different levels weie obtained from the 
Aspiiations Psychiometer Tafeln For convenience, five lclative huimditv nomo- 
grams were prepared for pressures of 755, G75, GOO, 530 and -110 mm. corresponding 
to heights of 0, 1" 0, 2 0, 3 Oand I 5 km above sea level lcspectively and the lelative 
humidity at different- heights was re*ad out from the nomogram for f he nearest height. 

From the temperature-height and humidity-height curves, the daily values of 
temperature and relative* humidity nl 0 5, 1 0, 1 5, etc , km. above sea level w T cre 
tabulated and the* mean monthly values of temperatuie and relative humidity for 
each height calculated. For securing some homogeneity of data, onlv values ob- 
tamed from ascents starting between 8 and 11 hrs. were utilizer! for the purpose of 
obtaining the mean values 

Upper air isotherms at 2° mfei\«ils weie diawn for each month from the daily 
temperature readings 

In July 1929 the method of working out of the aeroplane data was modified 
and some improvements were effected so as to secure greater accuracy. The calcula- 
tion of heights from the altimeter readings w T as given up except on da vs wrhen no 
aneroid readings w T eic available Heights weie calculated from the readings of the 
aeroplane aneroids Arrangements w r ere made for taking readings of the thermo- 
meters and the aneroid both during ascent and descent and the mean values were 
taken. 


The aneroid readings w T ere first corrected and the corresponding heights in 
metres were taken directly from special tables prepared for the purpose. These 
eig s were then corrected for the mean temperature of the air column. The tempe- 
ra ures a bo were (In ec-t-ly converted to °C from conversion tables and mean tempe- 
ratures and relative humidities from different heights were calculated as before. 
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All readings of a doubtful nature were rejected. Whenever the pressure read- 
ings taken during ascent and descent showed differences of 20 mb. or more, the 
readings were rejected. In other cases, the means of the two leadings were taken. 

Table I. 

Number of obser rations used for calculating mean monthly teynperatures 


Ht in Km 

Jan 

Feb 

Match 

April 



July 



Oct 



4 3 

21 

23 


38 

33 

10 

3 

12 

27 

31 

32 

13 

4 0 

30 

41 

44 

46 

58 

37 

33 

29 

48 

62 

57 

20 

3-5 

13 

r>7 

49 

52 

65 

41 

38 

39 

56 

68 

69 

36 

3 0 

48 

1.1 

30 

57 

67 

41 

41 

42 

58 

69 

70 

45 

2 3 

.“0 

t."> 

53 

57 

67 

41 

41 

45 

59 

70 

71 

46 

2 0 

.",1 

f.s 

53 

58 

67 

41 

11 

43 

59 

70 

71 

46 

1 "> 

54 

OS 

53 

58 

67 

41 

41 

48 

59 

70 

71 

46 

1 0 

54 

<»■* 

53 

58 

B 

41 

41 

18 

59 

70 

71 

46 

0 5 

30 

43 

2G 

12 

50 

■ , 

30 

36 

14 

54 

46 

35 

Sm f.n v* 


11 

26 

m 

50 

Ki 

30 

36 

44 

54 

46 

35 

Hiii Licet 

v. 

M» 

53 

58 

67 

41 

41 

48 

59 

70 

71 

46 


Tab! I give" lie* number of observations used at each height for calculating 
mean monMilv tempcul'ires and relative humidities 


Table II. 


Ihshibahnn if the obsei rations according to the time of accent 


Time <>i 
tiil.iiig nit 

Jan 

1 

Ft b 

Match 

April 

Ma\ . 

Juno 

J uly 

Aug 

Hep 

Oct 

Nov 

Dec 

8- 0 Ins 


•> 


■ 

30 

m 

19 

m 

E 

15 

20 

6 

9- -10 „ 

13 

30 

24 


21 

12 

15 

17 

20 

24 

29 

10 

10 11 „ 

39 

37 

i 

20 

B 

13 

7 

7 

7 

15 

31 

22 

30 


Tab h II shows 1i'«* distribution of the observations u^ed in calculating the 
mean*' according to tin* tune of taking off of the aeroplanes As will be seen from the 
t • hies 1 h“ general tendency is for tip* time of ascent to be later m the, winter months — 
the most frequent tune for ascents in the winter month* being between [) and 11 
hours and in the Mimtncr and monsoon, between 8 and 10 hours 


* Excluding surface observations at Kohat. 
t Including Kohat observations. 















































126 


A. NARAYANAN. 


Table III. 


Mean monthly temperatures over Peshawar ( 200 -f) °A. 


Ht.in 

Km. 

Jan. 

Feb. 

March. 

April. 

Ma\. 



Aug. 

Sep. 



Deo. 

Range. 

4*5 

68-5 

61 0 

62-5 

70 8 

76 3 



80-4 

75-8 

72-1 

67-6 

64-0 

21-9 

4-0 

63-1 

63 7 

68 8 

74 3 

78-7 

81 3 


82 2 

79-0 

76-0 

71-5 

67-3 

19-1 

3-6 

66-3 

66 8 

72 3 

78 0 

82 2 

84 4 

84 3 

84-7 

82-6 

78-4 

74-6 

70-9 

18-4 

3-0 

69-5 

70 0 


81 4 

85 9 

87-7 

87-5 

87-6 

86-7 

82-2 

77 9 

73-2 

18-2 

2-6 

72-7 

73 4 

79 4 

86 1 

89 8 

91 8 

91 0 

90 3 

89 1 

86-9 

81 3 

76-2 

19-1 

2 0 

75 8 

E 

83 0 

88 7 

93 l 

95 7 

94 3 

93-6 

91-6 

89 6 

84-6 

79-3 

19-9 

1 6 

79 0 


86 0 

92 3 

96 6 

98-9 

97-3 

9G 4 


93 3 

87-6 

82 3 

19-9 

l 0 

81 6 

82 5 

88 9 

96 6 

99 0 

102-7 

100 5 

99 3 


96-1 

900 

85-0 

21-1 

0 5 

82-5 

mm 

89 8 

97 3 

102 2 

104-4 

102 7 

101-6 

100-0 

97-6 

89-0 

86-5 

21-9 

Sur- 

face*. 

82-7 

83 0 

91 2 

99 4 

103-1 

105 2 

104 1 

102 4 


98-0 

88-8 

86-4 

22-6 

Sur- 

faced 

83 3 

84 8 

92 8 

98 8 

103 2 

106 0 

104 U 

102 7 

101-3 

98-1 

90-8 

86-6 

22*7 


Table III gives the mean monthly temperatures at the surface and at different 
heights above sea level The low ost mean temperature at all heights was recorded 
in January. The values for Februaiv are. lmwevei, nearly as low, being within 
1°C of the values for January at all heights except 4*5 km. 


The highest mean tempeiature at the suiface was recorded in June, being 
32°C correct to the nearest degree l’p to 2-fi km June continues to be the 
hottest month. From 3*0 to 4 f> km the tempeiatures are practically the same in 
June and July, the difference being only 0-2’C From the surface up to 2-5 km. 
the temperatuie is lower m August than in June and July. At 3 km the tempera- 
ture is practically the same in June. July and August and above this height the 
temperatures aie highest in August The lower temperature up to 2*5 km. m 
August compared with June or July is mainly due to the lowering of the tempera- 
tures produced bv monsoon rams, and the occurrence of the maximum tempera- 
ture in the same month above 3 kin is due to the fact that the lapse-rates in this 
month approach the saturation adiabatic and hence arc lower than in June and 
July when the atmosphere is comparatively dry 


kohat is 0-83 km above sea level, hence in calculating the mean temperatures 
at the surface m the above tables, the Kohat surface values have not been includ- 
ed. For comparison, the mean values of temperature at the surface have also 
been calculated including the surface values for Kohat It is found that exceDt 

in April the effect of adding the Kohat values s to cause a distinct rise in the value 
of the moan surface 1 temperature 


^Excluding surface observations at Kohat. 
tlncluding surface obaervatins at Kohat. 
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Fig. 1 shows the mean monthly temperatures over Peshawar and Fig. 3 (a-e) 
shows typical isopleths of temperature over Peshawar during February, May and 
October. It will be seen that the day to dav variations of temperature are very 
large in February. In May the variations are smaller and the period of the hot and 
cold waves is generally much longer than in February. In October, the variation 
in temperature from one day to another is very small. 

The annual range of temperature decreases from the surface upwards becoming 
a minimum at 3 km. and again increases m value above this height. The range at 
4*5 km. is nearly as great as at the sui face. It may be mentioned, however, that the 
number of observations falls off above 3 km and is rather small at I-J5 km. com- 
pared with other heights. In spite of this, the existence of the effect is unmis- 
takable. 


Table IV 

Extreme values of temperature recorded over Pes/tamn (200 f-) °A. 


Ht. in 
Km 

Jan 

Feb 

March 

April 

Mav 

Jimp 

Jui} 

Aug 

Sep 

(lot 

Nov. 

Deo. 


X N 

X N 

X 

N 

X 

N 

X 

1 

■ 

■ 

X 

N 

X 

N 

X N 

X N 

X N 

4 6 

07 61 

73 54 

67 

55 

79 

□ 

84 

69 

HI 74 

81 75 

83 

77 

83 

69 

79 07 

73 03 

73 65 

4 0 

72 03 

75 67 

76 

58 

HI 

07 

H5 

73 

88 76 

S7 71 

80 

77 

86 

72 

81 70 

78 60 

75 59 

3 0 

77 08 

79 66 

80 

02 

84 

71 

89 

77 

93 79 

89 77 

89 

80 

88 

77 

84 73 

81 66 

79 63 

3 0 


81 60 



88 

73 

92 

HO 

90 S3 

92 HI 

91 

84 

92 

81 

88 77 

84 09 

81 65 

2 0 

80 61 

85 63 



92 

77 

90 

83 

97 80 

91) 84 

95 

85 

95 

S3 

91 HO 

87 73 

83 68 

20 

81 60 

87 65 



95 

HO 

101 

H6 

100 87 

101 87 

98 

89 

99 

bl» 

96 83 

89 78 

86 73 

1 0 

80 70 

91 69 



□ 

83 

104 89 

103 93 

102 92 

101 

<12 

103 90 

99 87 

92 80 

89 70 

1 0 

87 74 

92 71 

99 

80 

102 85 

108 91 

107 97 

107 95 

105 93 

106 92 

101 91 

95 81 

93 79 


The extreme values of temperature recorded at different heights over Peshawar 
are given m Table IV The values for tin 1 surface and 0*5 km above sea level 
have not been given since these vary very much with the time of observation 

The highest temperature at 1 km was recorded in May, the value being 35°C 
and the lowest temperature at the same height was recorded m February, the value 
being — 2°U. The monthly range of temperature ( i e , highest tempeiature —lowest 
temperature during the month within tin* time of observations) was greatest at all 
heights in February, its value for different heights during this month varying 
from 19° to 23°C. The value of the monthly range of temperature is high m all 
the winter months November to March, but decreases after March, reaching its 
minimum value m August. During this month, its value at different heights varies 
from 6° to 10°C. After August the value again increases. 

The annual range of temperature (i e , the difference between the highest and 
lowest temperatures recorded during the year at the time of observations) does 
not show any appreciable variation with height but is more or less constant at all 
heights, the value being about 36°C. 
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It may be mentioned that the values given in the above table are merely the 
extreme values recorder! during observations, that is between 8 and 11 hrs. It is 
quite possible that the values given, especially for the higher levels, are not the 
true extreme values, as readings may not be available at these heights on davs 
when the temperatures were exceptionally abnormal due to unfavourable weather 
conditions For instance the lowest value at 2-5 km. in January is shown as 61° 
while at .3 km it is shown as 02° This does not mean that the lowest temperature 
at .3 km was actually 02°, but only that on the day when the temperature of 01° 
was recorded at 2-5 km the plane did not go up to 3 km. 

Table V. 

Mean monthly lapse-rates in degrees Centigrade per hn 


Ht. in Km. 

Jan 

Feb 

March 

April 

May. 

June. 

Julj 

Aug 

m 

Od 

Vo\ 

Dee 

4-0—4 5 . 

m 

fl 

r. 4 

A A 

A 8 

A 1 


9 

G 6 

A 1 

ft 6 

A 4 

3-6—* 0 . 

7 1 

A 7 

7 2 

7 4 

A 4 

11119 

A 4 

B§ 


7 1 

A 7 

6 4 

3*0 — 3 6 . 

7 2 

A 3 

7 2 

7 2 

7 8 


A 4 

6 8 


7 6 

A 8 

6-0 

2-6—3 0 . 

6-9 

7 0 

7 0 

7 4 

7-8 

8 2 

7 ft 

5 4 


B 

A ft 

A 0 

2-0—2 6 

6 9 

A 6 

7 2 

7 2 

A 6 

7 8 

A A 

0 4 



A A 

A 4 

1 6—2 0 . 

A 4 

A A 

A ft 

7 2 

7 ft 

A 4 

6 ft 

5 8 

s 4 

7 4 

ft 2 

0 ft 

1-0—1 6 

6 2 

6 2 

6 8 

A-4 

6 0 

7 6 

6 ft 

A ft 

A ft 

r> ft 

4 8 

6 l 

0-6— 1-0 

3 4 

3 3 

A 2 

6 3 

5 7 

4 8 

A 3 

5 3 

3 7 

3 4 

1 2 

3 1 

Surface — 0 6 
(0 33) 

1 2 

1 8 

8 2 

12 3 

5 3 

4 7 

8 2 

6 3 

4 1 

2 9 

-1 2 

— 0 A 


The geneinl tendency in all the months except Mai oh and \i» i] i f<>i the 
rate to increase m value from the suiface upwaids, reaching ,i mavimmu .»t e 1 
3km and then decrease slowly In Match and Apul, In. . • v <*» lip* li 
decrease fiom the suiface us maids leaching a minimum I»“tw'M»i 1 ,n ! I “i km 
Above this height, the lapse-iate increases with height up t«» » Lm v\ l Hem shows 
a tendency to dccioase The tendency to deci easing lap-v-uit^ in iV* highest 
layers is not so evident m November, December and Januaiv Tin lapse-* ntes 
are comparatively small between 5° and AT per km- dm mg August when the 
monsoon is most active Results of sounding balloon ascent*. M Agra show tli it at 
times when the monsoon is active the tcmpcatuic deci oases with height pi act l- 
cally following the saturation adiabatic The low lapse-iatcs geneiallv uj> lo 1 
km during the pcnod September to Febiuaiv are connected witii the ground 
inversion at mglit As the flights were generally made at about l ) hrs the effect 
of the night mver ion may be expected to be present to some extent The lowering 
of lapse-rates near the surface is strongest during November and December In 
these two months there is an increase of temperature fiom the surface up to 0-5 km. 
The lapse-rates are highest during the hot dry summer mouths April to June 

Inversions arc met with near the surface during the winter months In other 
seasons too these may be present, particularly very near the surface and at night 
and the early mornings. But their thickness is less than those of the winter months 
and they are generally lost sight of since there are no readings of temperature between 
the ground and 1,000 ft. above. 
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Table VI. 


Mean monthly relative humidities at d iff emit heights 


lit in Kin 

•Jan 

Fell 

March. 

Apnl 

May 

.June* 

.luh 

Vug 

Sept 

net ! 

Nm . 

Dec. 

4 5 

53 

49 

B 

00 

55 

m 

40 

73 

57 

03 

55 

51 

4 0 

54 

60 

r>7 

55 

49 

50 

65 

77 

62 

47 

52 

49 

3 5 

.'58 

r>7 

54 

48 

42 

49 

64 

73 

59 

41 

46 

48 

3 0 

r>H 

58 

51 

15 

42 

TO 

09 

71 

()] 

37 

13 

48 

2 f* 

55 

58 

47 

15 

40 

50 

08 

76 

61 

39 

39 

41 

2 0 

53 

53 

43 

38 

35 

43 

68 

70 

57 

35 

37 

41 

1 5 

17 

17 

■3 

30 

32 

42 

65 

75 

54 

33 

34 

■3 

1 0 

IN 

19 

44 

35 

30 

37 

60 

73 

49 

33 

35 

39 

o r> 

52 

E3 

50 

41 

33 

39 

58 

71 

14 

30 

42 

45 

Smf ntp 

r»7 

07 

m 

41 

35 

40 

50 

70 

50 

41 

■ 

50 


The relative humidity shows a double oscillation dining the yoai, the periods 
of maxima are Januaiy-Frhiuaiy and .7 uly- August August is the month of 
maximum humidity at all lc\els In Juh , the humidity mca easVs from the surface 
upwards becoming constant above about 2 km 

In all except the momuon months theie is a legion of minimuin humidity at 
about 1 km The relative humidity is a minimum at all levels during May 


Table VII 

Mean monthly vapour pressure s in mm. of mercury. 


lit.m Kin 

Jan. 

Feb. 

March. 

April 

, 

1 

Mil}- 

June. 

July 

Aug 

Sop 

Oct. 

Nov. 

Dec. 

4 5 

0 7 

0 8 

1*0 

, 

2*3 

3 0 

3*0 

2 G 

5 G 

3*2 

2-7 

1-G 

1-1 

4 0 

M 

1 2 

1 8 

2 8 

3 4 

4 1 

TO 

6 7 

4 3 

2 5 

2 1 

1*4 

3 5 

I 5 

1 0 

2 3 

3 1 

3 7 

5 0 

D 

7*5 

5*7 

2 7 

2*3 

1*8 

3 0 

2 0 

21 

2 9 

3 7 

4 7 

6*3 

TO 

8 8 

6 7 

3*2 

2*8 

2*2 

2-5 

2 5 

2 7 

3*4 

4 7 

5*7 

8 1 


11*3 

8*3 

3 9 

3*2 

2*3 

2-0 

3 0 

3 I 

4 0 

5 l 

6 2 

9 0 

12 9 

13 7 

9 I 

KM 

3 7 


1 5 


3-5 

4 7 

6 1 

7 0 


14 8 

16 2 

11 2 

1 | 

| ^3 

3-4 

1 0 

4 0 

4*4 

6*0 

7*2 

7*0 

11*6 


18 8 

12 1 


5*1 

4*1 

0-5 

4-6 

5*9 

7*2 

■ j 


13 5 

18*1 

20-8 

14 5 

8 3 

5*7 

5*2 

Surface 

5-2 

6*6 

8-2 

10*6 

11*2 

14*5 

m 

21*6 

15*6 

9*8 

6*3 

5*8 


Table VII gives the mean monthly vapour pressures at different heights in mm. 
of mercury. Unlike relative humidity, the monthly mean aqueous vapour pressure 
shows only one ma ximum during the year and this occurs in August. The minimum 
occurs in January. 
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Quetta data. 

The observations at Quetta were mostly made between 6 and 11 hours I. S. T. 
but as in the case of Peshawar, only the observations made between 8 and 11 hours 
have been considered here. The data were worked out in the same way as the 
Peshawar data and the daily values for each half kilometer step were tabulated 
and the mean values of temperature and relative humidity were calculated from 
these 

Table VIII. 


Number of observations at each height. 


lit in h in 

Jnn 

Feb 

4-5 



4*0 

7 

4 

:w> 

28 

32 

3 0 

32 

38 

2«3 

33 

38 

J-0 

34 

38 

Surface (1 68) 

34 

38 


March. 

Apiil 

Md> 

June. 



Sep. 

Oct. 

Nov. 



1 

1 

■ 

2 


i 


7 

*i3 

mm 

9 

HQ 

3 

"8 

12 

12 

42 

54 


39 


35 

40 

40 

39 

46 

56 

■33 

39 

39 

38 

44 

40 

42 

48 

58 

K3 

39 

41 

38 

44 

40 

42 

48 

58 

56 

39 

41 

38 

44 

40 

42 

48 

1 

58 

56 

39 

41 

38 

44 

40 

42 


Deo 


6 

23 

23 

24 
24 
24 


Table IX. 


Distribution of observations according to the time of ascent . 


Time of tak- 
ing ‘>11 . 



March. 

April. 

May 

J UUP 

July 

AU'_» 

Sep. 

Oct 

Nov 

Dec. 

S «) Ins 


1 

1 

6 

14 

t 

13 

12 

14 

8 

l 


9 -10 „ 

7 

it 

23 

32 

23 

22 

17 

12 

17 

17 

21 

9 

10 -11 „ 

27 

23 

24 

! 

20 

19 

13 

11 

14 

13 

15 

20 

15 


Tahir 1 lit «n\es tin- number of oWuv.itions used at each height for the cal 
eolation of mean monthly temperatures and relative humidities at these heights- 
and Table IX shows the distribution of the ascents according to the time of taking 
off of th* aeroplanes 


Table X. 

Mean monthly temperatures over Quetta (200 +) °A. 


Ht. in 
Km 

Jail 

Fob 

March 

April 

May. 

June. 

July. 

Aug. 

Sep. 

Oct 

Nov 

Dec. 

Kange. 

4 5 





72*5 

76 3 


82-7 


67-3 




4 0 

t)b 9 

70 6 

70-7 

76-7 

79-1 

81-4 

rfi 

86-5 

77-7 

74-5 

71 8 

70 O 

19 6 

3 5 

70 0 

71 3 

75-1 

78-5 

81-9 

88 0 

Cxi 

85-8 

82-5 


74 4 

wfwm 

16-6 

30 

72 t 

74 2 

78*6 

82-2 

86-4 

90-2 

90 7 

89-5 

86 9 


77-5 

RSI 

18-3 

2 3 

74 6 

77-3 

81-7 

86-2 

90-5 

94-4 

94-2 

93-5 

90-9 

85-3 

81-0 

Bfl 

19-8 

2 0 

76 1 

80*2 

85*2 

90-3 

94-6 

98-3 

97-6 

96-9 

94-2 

88*7 

83-7 

79-7 

22-2 

Sur- 
face 
(1 68) 

78 1 

81 3 

87-8 

1 

93- 1 

97-9 

101 7 

101 2 

99-7 

95-8 


84-2 

80-5 

23-6 
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Table X gives the mean monthly temperatures over Quetta. The lowest 
temperature at all heights was recorded in January, the mean temperature at the sur- 
face being 5°C From the surface up to 2-5 km the temperature is highest in June, 
but above this height it is higher in July than m June Prom 4 km upwards the 
temperature is highest in August, the reason being the decrease in lapse-rate which 
occurs during this month particularly at the higher levels Fig. 2 shows the mean 
monthly temperatures over Quetta and Fig 4 ( t-h) shows isopleths of temperature 
over Quetta during May and August. The diagrams show that very high lapse- 
rates, approaching the dry adiabatic value, prevail during May Another prominent - 
feature is the very small day to day variation in temperature compared with 
Peshawar This is particularly noticeable during August 

The annual range of temperature is highest at the surface and decreases with 
height reaching a minimum value at about 3*5 km Above this height the range of 
temperature shows a tendency to increase, but due to want of sufficient observa- 
tions it is not possible to say how far this is real. 

Table XL 


Extreme values of tcfhperatiae leevid'd ovet Quetta (200-\-)°A 


Hi in 
Km 

Jan 

Feb 

l 

March 

April 

May 

Juil** 

lul> 

Auk - 

Sop 

Oct 

Not. 

Deo. 

i 5 

\ N 

X N 

X N 

X N 

X N 
73 7J 

X N 
77 77 

X N 
78 78 

X N 
83 83 

X N 

X N 
67 67 

X N 

X N 

4 0 

71 01 

73 f,7 

77 03 

80 73 

81 77 

84 79 

87 80 

87 85 

83 75 

77 71 

r 67 

73 62 

3 5 

hi 01 

70 61 

Si bfi 

hfl i>7 

88 7b 

89 M 

Ml s 3 

91 SO 

h7 79 

8t» 71 

81 08 

77 64 

3 0 

S3 58 i 

80 65 

1 

84 67 

hs 70 

i 

01 SO 

T, sr, 

01 S”» 

01 S.J 

01 S3 

87 76 

85 71 

79 67 

2 5 

85 01 

83 60 

88 67 

92 71 

97 81 

09 SO 

0 ss 

00 87 

•V» 85 

91 79 

87 7“> 

S3 69 

2 0 

80 05 

88 71 

02 69 

97 79 

101 87 

1 

Mil 04 

mi 

lol 9 1 

00 89 

9b 83 

h9 70 

87 72 

| 


Table XI gives the extreme values of temperature recorded over Quetta Only 
the values for 2 km and above ha\ e been given The highest temperature at 2 km. 
was 30°C in June and July and the lowest - rtV m January As m the case of 
Peshaw T ar it is found that the monthlv range of temperature is high m the w inter 
months November to March and much lower in the other months 

Table XII. 


Mean monthly lapse-rates in degrees Ccntigi adc pet km. 


Ht m Km. 

Jan 

Feb. 

March 

April 

May 

Jiii’f* 

Ji'l« 

All!* 

Sop 

Oct 

Not. 

Dec. 

4-0— 4*6 





8 0 

b-0 

7 0 

i» .> 


fi 6 


. . 

3-6 — 4*0 

6-8 

4-7 

6 4 

7 1 

9 0 

7 S 

t 3 

t> n 

S i 

7 S 

6 7 

H 0 

30—3-6 

5 2 

6-0 

7-1 

7-4 

8 8 

8 4 

8 0 

7-8 

8 r> 

7 0 

6 6 

5 0 

2*6— 3*0 

4-4 

6*4 

6-2 

8-0 

8 4 

8 4 

7-2 

3 0 

8 2 

7-6 

7-0 

8-8 

2*0 — 2*6 

3-2 

6-2 

7-2 

8-4 

8 4 

7 8 

7-0 

7-.» 

0 8 

7-2 

5-8 

5-2 

Surface to 2-0 

6-3 

3*4 

8-1 

8-7 

10-3 

10 6 

11-3 

8 8 

5-0 

4 7 

1-6 

2-6 
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From November to March the lapse-rates are comparatively small at all heights, 
but m the other months, especially in the hot dry months April to June, the lapse- 
rate nearly equals the dry air adiabatic value Tn May, June and July there is a 
superadiabatic gradient of temperature from the surface up to 2 km. above sea level 
There is a slight fall m the lapse-rates during the months of July and August above 
3*5 km. As in the case of Peshawar, inversions in the upper air are of rare occur- 
rence over Quetta also up to the limit of height usually reached by aeroplanes. 

Table XIII. 


Mean monthly relative humidities at different heights. 


Hfc. m k m 

Jan 

Fib 

March 

April 

May 

i 

Juno 

Jul>' 

Aug. 

Sep 

Oct. 

Nov. 

Dec 

4 0 

78 

66 

64 

65 


42 

41 


54 

59 

.59 

76 

3*5 

70 

6° 

47 

46 

36 

27 

36 

40 

35 

43 

46 

52 

3 0 

58 

56 

41 

45 

34 

27 

37 

37 

30 

35 

41 

50 

2 r> 

50 

51 

30 

40 

29 

24 

37 

32 

26 

31 

38 

49 

2 0 

61 

52 

35 

30 

21 

22 

41 

33 

26 

27 

30 

48 

Surface (1 68) 

55 

50 

38 

37 

23 

21 j 

40 

33 

31 

31 

35 

52 


Throughout the year the relative humidities are small at all heights. The 
values are highest in the winter months December to February and lowest in June. 


Table XIV. 


Mean monthly vapour pressures in. mm. of mercury. 


Ht in > m 

Jan 

Fob 

Wa* rh 

Aivil 

May 




Sep 

0 cl 

Nov 

Doc 

40 

2 1 


2 4 

■ 

. 


3 9 

2 9 

Mj 

3 0 

2 4 

2-7 

3*5 

2-5 


2 5 

3 1 

3 1 

3 0 

4 2 

4 4 


2-7 

2 3 

2-1 

30 

2 5 


2 8 

3 9 

3-9 

4 0 

5 6 

5 2 

Q 

2 9 

2-0 

2-4 

2'5 

2-5 


3-3 

4 5 

4 3 

4 C 

7 0 

5 7 


3-3 

2-8 

3-0 

20 

3 5 

40 

3-7 

5 3 

4-7 

5-3 

9 5 

7-4 

4*9 

3-6 

2-9 

3-5 

Surface • • 

3-6 

4-2 

4 8 

6*5 

5-4 

6-2 

11-6 

8-7 

6-5 

4-6 

3-5 

4-0 


Table XIV gives the mean monthly vapour pressures in millimetres of mercury. 
The value is highest at all levels in July and least during November to February, 
the values being more or less the same during these three ™™ Hhs_ 
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Table XY. 


Mean monthly differences in temperature between Agra and Peshawar (A — P ) in °C. 


Ht. in Km. 

Jan. 

Feb. 

Maich. 

i 

April. 

May. 

June 

I 

Julj 

Aug 

Sep. 

Oct. 

Nov 

Dec. 

4 

7 

3 

5 

0 

0 

0 

2 

0 

0 

»> 

0 

7 

3 

7 

3 

4 

l 

1 

- 1 

0 

0 

— 1 

0 

—1 

6 

2 

5 

4 

4 

1 

4 

0 

> 

— J 

0 1 

0 

—2 

5 

1 

5 

5 

a 

3 

6 

» 

—4 

—1 

1 

— 1 

2 

—2 

2 

Surface “ . . 

8 

9 

10 

4 

6 

f) 

- 3 

I 

0 

3 

1 

4 

7 


Table XV gives the mean monthly differences between the temperatures at 
different heights over Agra* and those at the corresponding heights over Peshawar 
to the nearest degree Centigrade. During the penod October to Mav the tem- 
peratures are higher at all heights over Agra than over Peshawai The difference 
of temperature between the two places is a maximum during December- January 
when the value varies from 5 to 7°C. Fiom July to September the temperatures 
are slightly higher over Peshawar than over Agra It will be seen that in November 
the temperatures are higher over Peshawar than over Agra This is probably not 
real, the apparent abnormality being due to w ant of sufficient number of observations 
over Agra. 

Table XVI. 


Mean monthly differences in temperatuie between Agra and Quetta (A ~Q.) in °C. 


Ht. in Km. 

Jan. 

Feb. 

March. 

April. 

May. 

June 

July. 

Aug. 

Sep. 

Oct. 

Nov. 

Deo. 

4 

3 

1 

3 

—3 

0 

0 

—1 

— 5 

1 

3 

--1 

4 

3 

4 

—1 

1 

0 

I 

—3 

—4 

— 2 

— 2 

1 

0 

6 

2 

5 

1 

2 


2 

2 

— <5 

— 5 

1 

— 3 

! 

0 

—2 

4 


As in the case of Peshawar, from October to May, the temperatures are generally 
higher over Agra than over Quetta. The difference in temperatuie again reaches 
its maximum value during December- January, the difference amounting to 3 to 5°C 
in these months. From June to September the temperature is higher over Quetta 
than over Agra. The difference of temperature between the tw r o places is greatest 
during July-August when it amounts to about 1°C. The values for 1 Km. m the 
above table have to be accepted with some caution owing to the comparatively 
small number of observations over Quetta fox this height. 

It should be borne in mind, however, that the observations at Quetta and 
Peshawar were all made between the hours 8-11, while the majority of the sounding 
balloon ascents at Agra were made in the evening just before sunset. The number 
of observations are also small. Hence, the values given in the above tables should 
be accepted with some amount of caution. Some of the conclusions may have to be 
modified when more data are available. 

* K. R. Ram&nathan . ‘ A disouarion of the results of sounding balloon ascents at Agra, eto.,' 

Memoirs of the Ind. Met. Dept. Vol.XXV, Part V, page 189. 
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Some attempts were made to study the relation between the daily temperatures 
at different heights over Peshawar and Quetta and wind directions at the corres- 
ponding heights obtained from pilot balloon observations at these places on the 
same days. No clear relation, however, could be found The correlation co-effi- 
cients between the daily temperatures at 2 km. and 3 km. over Peshawar and the 
pressure at 8 hrs. local time on the same days at Skardu (2*29 km.) and Leh (3*5 
km.), two hill stations in Kashmir were also worked out for some months. The 
correlation co-efficients were exceptionally high in some months while no relation 
could be found m other months. Sufficient systematic work has not yet been done, 
however, for definite conclusions to be drawn from them. It is hoped to continue 
these studies at some future date. 

This paper was written at the suggestion of Dr. K. R. Ramanathan and I am 
very thankful to him for his advice and criticism. Acknowledgment is also due to 
the R. A. F. pilots who took the observations and to Fit. Lts. Batty and Veryard who 
collected the data. 
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RAINFALL OF SIAM. 


Its normal distribution and relation to Indian rainfall ; possibility of forecasting 

monsoon rains 

l«\ 

V I bill \Is\\ \MY hull HA 
( lit u mil on / //» Ft In um if 1*1 SI ) 

Sum man / I Iim |m|m i lmm* t In in h in i ! ul Mini ill ui'l < >1 iiuiiiIm i nl i im\ il.i\<« H 7 I -it il imii 
ill Si.iiii ami ili^i ii^i In n II \ tin inn in il ill 1 1 ilmf mil ul innfill If i« duiun l»\ I In* im I liml nf i uria - 
lalimi t li.it tin n i<. i I iiilv i lii-« n 1 1 1 inn In i ui i n i In iih nli in • i uni ill in I |i|m i Smiii i ml in \mth- 
\\ i sf hull I iIiiiiiij fill III! ill Mil 111 | n ||i ii I hull In N | it i III In i i uiilifinli i in 111. |i lit<« il< 1 Ni i *JI\ i 11 
In tun n t in Mini ill nl I 1 1 1 n i 'Mini iIiiiiiil' tin |m i n n I Iiiiii 1<i i |it« iiiIn i iimI 1 1n pn «*uii uni hiu- 
|n i.ituia* .il \ 1 1 n hi ii iilii nl ii t nm ill l In umlil in fin < ■•nli iii|iniii\ «| u.ti 1 1 I uni tin tun pn 1 1 iluiir 
ipiailiis I min fin m a luiuuila i- din i >1 Im i ImniN • 1 1 1 \ in Inin tin iimihunii i till uf l ppei 
Siam 

Introduction. 

Tli« a ||.|||\ i. mil. ill il.ilfi ill .ill I In 1 i.iini’.iili'* 1 * I «i I lull'* IM Si. mi Im tin 1 Vim Is lil 111 
In Jlflfi Hmlilliisf Km i c »t v 1 1 « >r i* 1 1 iil* in i Ip* I in 1 1 hi fin.iiK ul \» mi> 1*11115-117 f«i inj.'j-j 1 
well 1 \r|\ L I IK 11 \ Mlpplleil t I . lilt a|cp i V 1 1 1 1 < ■! 1 1 l»\ I III* I )||im tail nl \«JI Iflllt Nil*, Siam, 
111 ( mitHM I mil with .III | II \ |> * pj 1 1 1< ill > 111 1 1 ’ll 1 \ pilau ill wlllill ll.l 1 1 pa^fil t lira Mil'll 
lli.il rniillt I \ min ilia* I lnll.ui .Him D.H.i h»i 11 * 11.1111 i'll** 1 «*• I >l.i1inn> Ini l-lia* ViMis 
J|l»7 In J 1*;«1 H K ll'ljl Si »n 1‘ljli Ji I i\i* 1«* nl»i i|||a*<l M|liM*i|||a*|il |\ llllMlL'Il 1 1ll* 
kllialllf'ss nf tlla* I )||i*l tail I ■<*l|a>| .1 1 nl 1 l|i* l{«i\ ll 1 1 Mii.lt I' Ml I >a*| U 1 1 llii'Ilf, Sl.ilil A> 
till* kimidnlll nl Sum I- lit* I til Illilll .Ml 1 I » 1 1 1 III. I till 1 limsl 1II1|I*I| 1 .l lit |i*ifimi \\ IlK-ll 
s||,i 1 a*»* With thrill till* In iiml i*i hi- Mint. ill I •■ < Bill* 1 1 f h\ tin* Mini 1 i\\ •*- r limilsnain I Ilf* 
i|<lt . 1 1 1 < 1 \ a* 1 1 « B « B H llfllhril til iilii INI ill nl ih * liaillll.il I.HIll.lll « 1 1 - f I llillt mil 111 tll.lti 

kllll'ilnlll .Hill t a 1 Mini Mil t II |. I.ltl ill Ii* l\\e. II tin* limil'finll 1 .1 III nl l'|»|»i*l Sum anal 
f III* f'f »Vll I'lll I Mil II \ I.HIll.lll n| 1 1 |a 1 1 1 \\ lull till [».l|n*| W.l > 1111* Ia*I | >1 ■*|».l lilt lull till* 

lin\ ,i I 1 1 Mli.lt mil I )a*| 1.1 1 f 1 1 1 « • 1 1 1 III >11111 | III 1 >1 1 «lia*a I Ilia illt III \ Mnilll.ll>nl MI1ll.lll.lt (III* 

I »l UK I|I.| I st.ltmil' 111 tin* k I IIL*| I* »lll with Iih ml 1 1 1 \ III. 1 1 1 '' nl l.i llll.l II a IlsM lhllt mil LimmI 
nil ilia* al.M.i n| f ha |i«-| )ii«| I ' 1 1 l'*_l 1 .1 f Im II \a|lillllls| l.lt IMI Iii*|if>l1 ln|* 1 lia* |»a*l Inal 

JI“»7 in J1US H I 1 ] Till* IIM lll.ll- nl 1 . 1 1 1 1 \ il.l\> ll.l \ a* llnl ImWrXrl l»a*i*M tfl \ «'I 1 111 this 
| >11 1 il K iltlnll Tlia* Ilia Hit III \ I. >1111.111 lll.i |» ll.l N a- Ih*i*11 1 «*| H a if I in a*a| III .1 shnit. |MJM*r, 
nilllflti* of Sum will! Il .1 1 1| n*.l I «*• I III Sum N«lfllla* .llial lllalll>tl\ 

Geography 

Sum rnilsisls <ra*i >ti|* ( | I »hl< . 1 1 1 \ nl t\\c> alMlIiit- poll mils 1 *|>|M *1 Sum llial 
IjIIWit Sum I | >| ia*l Sum a nll>tlf lltr> ilia* ll«*.l I V nl flit* Ilia|ai-( 'lllliese IVlllIlsllIa 
.llial Ill's lirtwrrn Hmiil.l III tin* \\« *«d .llial tin* Flflldl |Mi^a*^lailh nl Tmiklll, V nil. I 111 
.llial 1 '.imlinill.l III ilia* r.isl Millt llU.llaL ll 111 * linla's l 111 1 -flip o! ta'IIlfoiV between 
Tena ss ‘«* 11 111 .mil tin* (iiilf nf Sum Lnwri Sum c-nmpiisa*s tin* pniimn nf tin 1 Malay 
Peninsula Imiut lirt \\i*c‘ii Lit In .\ anal III \ It .1 sfii|i nl l.lllal Iliilinw at till 1 
north (‘ml ami w hIcmiiiiu nut. tnwaiiN the smith, rmi>i>linir imi»hl\ nl tin* (ontmua- 
tion ni tin* mountain iam>a* whirli linumls I T |>|>«*r Sum on tin* west, though the 
Tinian appears m p.ut . as no mm a* than a rli.iin of Inllnrks 

* Tin* Lilli 111 |1iii uii'iaL \i*u Imwiim iii April and undM 111 Mniah. 
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3. Upper Siam can be divided broadly into the Menam basin and the slightly 
elevated Korat Plateau in the east. The northern portion of the Menam basin 
is in general appearance a series of parallel ranges, which, though gently sloping hills 
in the south, use into precipitous mountain masses m the north. Between these 
ranges the Menam and its tributaries form trenches running north and south. The 
lowei Menam basin is an extensive plain, and, together with the region watered by 
the Mcklong on the west and the province of Prachin to the east through which 
flows the Bang Pakong, forms the central and most fertile portion of Siam. It is 
flanked on the west by a high mountain range, a continuation of one of the ranges 
o l northern Siam and the boundary between Siam and Burma, which extending 
fuither south forms the backbone of the Malay Peninsula. On the east the Dom 
Pia Fill range, the watershed between the Menam and the Mekong, separates it from 
the Korat Plateau. The l«md inclines gently to the sea in the south, and all the three 
rivers, the Menam, Mcklong and Bang Pakong, fall into the Bight of Bangkok. 
Sti etching to the southeast of this inner gulf is a narrow strip of mountainous sea- 
board forming the districts of Krat and (.'hantabun , the range which cuts off these 
distncts from Cambodia lias pq^ks using to 3,000 to 5,000 feet. 

4. The Korat plateau is bounded on the west by the Dom Pia Fai range and on 
the south by the Pnom Dong Rek lange , the right bank of the Mekong is also close- 
ly flanked by an almost continuous range of lulls Hence this part of Siam is prac- 
ticallv a basin, the bottom of \\ Inch is a plain lying from 200 to 300 ft. above sea level, 
and the sides are hill mnges of about 1,000 to 2,000 ft. elevation. It is drained by 
some rmiall streams m the north, and by the Nam Mun and its tributaries in the 
south. 


Data. 

5. For calculating the normals 70 representative stations which were in exis* 
tcnce in 2150 B K (1907-08) were selected and the normals were based on the 20 
years data 2150 BE to 2469 B E (1926-27). Three stations which began their 
record m 2151 B.E were later added to the list For these stations as well as 
for seven others which had a In oak in their records the means based on the actual 
number of veais of data available were reduced to the 20 years’ period 2450 to 
2169 B E. bv comparison with neighbouring stations having data for the full num- 
ber of years. Figure I gives a map of Siam showing the ramgaugo stations ; 
their positions wore kindly indicated bv the Director, Royal Survey Depart- 
ment, Bangkok 

6. The normals thus derived, which were in millimeters, were converted into 
inches in order to make the figuies easily comparable with the Indian rainfall data. 
The number of rainy days was calculated accoiding to the convention adopted in 
India that a rainy (lay is one in which 0 I" (2*5 mm.) or more of ram is recorded. 
Table I (see pages 81 to 84), contains the normals of rainfall and of rainy days in 
each month. The spelling of station names is that given m the manuscript data 
iecei\ ed fiom Siam, it gives the names a more Sanskntic pronunciation than that 
in general use. 

7. The distnhution of rainfall and of the number of rainy days in Siam for 
the two periods, May to October and November to April, are shown in figures 2 to 5. 

rgure 6 show’s the months of maximum rainfall in different parts of the kingdom, 
and figure 7 exhibits the distribution of average daily intensity of rain for the year 


Normal rainfall distribution. 

the whole of Upper Siam the wet season coincides with the 
period of the prevalence of the southwest monsoon in the Bay of Bengal, and, as 
m the contiguous country of Lower Burma, lasts from May to October. Owing 
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however to action of the frontier hills which the monsoon crosses before reaching 
Upper 'Bum it is considerably weaker than in Lower Burma. Thus while the average 

TT* 11 j- ,T r Buima in thpso months 18 ,2r aud of th ® Tenasserim division, 
which adjoins Upper Siam throughout, its length, is 15ft'. that of Upper Siam is only 
46 If we consider only the coastal distnots of the Tenasserim division, the con- 
trast between their rainfall, 182', and that of Upper Siam is as great as that between 
Wie rainfall of the Konkan on the Arabian sea and of the adjacent division of the 
Bombay Deccan from which it is sepninted by the Western Ghats 

i t 9 * The , stn ^' ng f( *» ture of the monsoon rainfall distribution is that rainfall is 
least immediately to the cast of the frontier bills and increases eastwards as their 
s le mg e ect deei cases, except, where modified by the orograplncal features of 

ubiMV^i ^ T anCliln , a jUri {in< * Tab, tying thiso to the frontier hills, get 

B ’ 1 , ng * he Monam kisin the a mounts recoided generally lie between 40' 

and 46 , while in the cast of the Komt Plateau Ul.ol ie< eives 5 1' and Sakol Nagor 56'. 

}?: T 5° 1 jPo a x I dl °. f iSZ 7 Ia,n ° f to ,5<! " 0,1 tho Mcnam basin between the 
P? ralld « of to N »nd 17°N is an effut of the lulls which separate the headwaters 
of the Nam Sak from the Memnn r J he legion of heaviest, rainfall in Upper Siam 
* Tu Wlth ° n t, ' < ‘ ni0 "" til "i°i' s H «' al •<*■>' d of Chantabun, Chandabun recording 81' 
Another region of heavy rainfall occurs m Praelnn, east of Bangkok, near the south- 
western slopes of the Pnom Dong Rck range Nagor Navak 77", Proehinburi 69", 
Sara buii 62 and Krabimlrahur. (i 1 ' The shielding effect of the Dorn Pia Fai range 
makes itself felt m the decreased rainfall at .Taiyablmm (33") and Nagor Raiasima 
(29 ). J 

11 The rest of the year may he divided into the cold weather period extending 
from November to February and the hot weather period, March ami April. In the 
cold season most of the nun falls in the month of November . this is evidently due 
to the persistence of the southwest monsoon in some veais ami generally to the 
indraught of humid winds from the neighbouring seas Hence the region round 
the Gulf of Siam gets more ram than the rest of the country The hot weather 
thunderstorms on the other hand vield more rain m the Koiat plateau and gene- 
rally in the vicinity of the hills 

12 The average annual rainfall of Uppn Rum is fit*, and 84 per cent of this 

amount faUs in the months May to Octob. i Hence the annual distribution is con- 
trolled by and is similar to the monsoon distribution September is generally the 
rainiest month of the year , at the stations near the northern frontier and in parts 
of Frachm however the maximum rainfall orems in August, while the hilly C'hanta- 
bun coast has the maximum rainfall m an earlier monsoon month Regions near 
the western border hills have a secondary maximum in May On the west coast of 
the Gulf, where the late October rams and the rainfall biouglit bv the ‘ northeast * 
monsoon become more impoitant, the maximum of the year is shifted to October 
at the northern stations and to November at the southern* stations. The minimum 
1 “ ll ( “ ^ occurs m February in the north, rn provinces and on the west 

coast of the Gulf of Siam , om the lost of tin* country the minimum occurs either in 
December or January. 

• /?.* It mterostlug to 80(1 t,lut fl "' “Won in India which has the maximum 
rainfall of the year in September, comj.iisiug the eastern districts of the Bombay 

Deccan and of Mysore together with the Madias Deccan and most of Hyderabad 

lies hke the similar region m Upper Siam between Lat. 13"N. and 19°N. Another 
SZ thlT 11 * 11 7 - i? ^ geography ,« that both are shut offby mountain ranges 
ST ° n t ^ r 8lde an<1 ™ hat t,M * monsoou caches them only after crossing 

^. tlie w jT The annual distribution of ramfall in the Deccan 
plateau has been discussed by Mr. Blanford in Ins paper on the rainfall of India* 

’Indian Mefceorologioal Memoirs, Volume III, pages 32 34. 
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It may be stated briefly that m both the regions the monsoon current shows it 
greatest activity onlv when, though still retaining a high degree of humidity, it loses 
its strong horizontal* velocity and there are more chances for the full development of 
local instabilities and showers become more intense Further the September rainfall 
chart of the Climatological Atlas of India shows that during this month the region 
of greatest rainfall in the Indian area is the Tenasserim coast This indicates that 
during September as the seat of the barometric minimum becomes less persistent 
in northern India, there is a relatively larger flow of the monsoon current towards 
Tenassciim and across the lulls there into Upper Siam 

14 The coeflicient of variability x 100, where <r= the standard deviation 

N 

and N= the normal, of the rainfall dining the monsoon months June to September 
in Upper Siam and m the 112 sub-divisions of Tndia was calculated using the data 
of the 20 years 1W to 1020 Korthe:i2sub-di\isions of India, for which data were 
available for a longer senes of years the coefficients based on the data of the 50 years 
1875 to 1024 wen* also worked out They are given m tin* table below The co- 
efficients from the lons»ci senes ol ve« is do not (lifter materially from those based 
on the shorter period evpt m northwest India. Malabar and tin* Madras Deccan 
It is seen that the \ai lability of lamfall m Upper Siam is small and compares with 
that m Burma, northeast India and the Central Ih-ovinces Fn tlu* Deccan plateau 
the variability is nearly twice that m Upper Siam 

Table II 
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15. Lower Siam . — In Lower Siam there is a sharp contrast in the annual rain- 
fall distribution between the east and west coasts. The west coast, like the Tenas- 
serim coast further 1101 th, is exposed to the full brunt of the Bav monsoon and has 
its chief rams m the months Maj to October Tlieicgion 1 et\\c< n llanong and Bhanga 
gets the greatest rainfall m the plains, tin* annual noimal at Tahuapa being 169", 
of which 1 10" or 83% falls in the six months Wav to October On the western slopes 
of the lulls near this coast the rainfall is probably even greater Further south with 
the southeast trend of the coastline then* is a sliaip decieasc in rainfall 

16 The eastern provinces of Nagor Sii Dhannaraj and Fattani, wlncli lie along 
the south China Pea, are shielded horn the southwest monsoon bv the chain of hills 
which runs tlirough the centre of the Peninsula They g« t less than a quaiter of 
their annual fall m the Months June to September The duel ramv months there are 
October to January, w lien nearly two-third^ of the annual fall occurs In these months 
the northeast winds which prevail m the south (Inna Pea have an oceanic origin 
like similar winds m flu* south of the Bav of Bengal The rainiest month is Novem- 
ber except in the southern districts of Pattani where the* maximum rainfall occurs 
m December The driest month is February In the seasonal distribution of its 
rainfall this coast is similar to the east roast of l 'ey Ion winch Ins in similar lati- 
tudes, and has its n.i'imum laintall in the months of No\<mher and December, 
and somewhat sinulai to the (’ore mondel coast whole how cm i theiaimest months 
are October and November 

17. Average da tig intensity of taw full — The a\erage dailv intensity of rainfall, 
whic h represents the an omit of ram that on the average may he expected on a rainy 
day, was calculated 1 \ dmding the annual noimal lamfall by the* annual number 
of lainy days I’ll esc show that the intensity is greatest, about 1 4", on the coast 
of thoPa\ of Bengal I « t ween Ranong and Bhanga , it. is 1 3* at Khonkaen and is 
about an inch on flu ( liantahun coast as well as m the pio\inces of Fra chin and 
Pattani The moons of least intensity, 0*7", are met with in the noithern provinces 
of Bavah and Walnnashtra, and to the east of the Doin Pia Fai range* 

18. Similar figures were also obtained for the different seasons In the south- 
west monsoon months the greatest intensity naturally occurs on tin* coast of the 
Bav of Bengal, (Takuapa 1 8"), while the* lowest intensity is cm the opposite coast of 
of Lower Siam, (SonkliLi 0 5") In the noitheast monsoon months on the other 
hand the cast coast of Lower Siam has the maximum intensity (Pattani 1 5") 
In the hot weather the region of maximum intensify is shifted to Kavong (1 5") 
on the Chantabun coast but Takuapa closely follow’s it with 1 \" In these* seasons 
the region of minimum intensity lies in the northern provinces 

19 Averaged over the whole of Siam the mean dailv intensity on a ramv day 
is 0 89", this is identical with that oi Malabar The only sub-divisions m India 
where this figure is exceeded are* Lower Burma (1 05") and the Konkan (I 15") 
Assam, Bengal, Bihar the United Provinces, Clujarat. Central India and the east 
Central Provinces very nearly approach Siam in them a\eiage daily intensities 

20. Rainy dags v tth 1 mtn ot mote of taw - -The number of ramv days given 
in Table I, has been calculated on the* assumption that a ramv day is one w r ith 0 1" 
or more of rain. As the rainfall has been recorded in millimeters the* number of days 
of rain of 1 mm or more* was also calculated for 14 selected stations for the sake of 
comparison w r ith the other figures Both the values of ramv da\s are given m Table 
III, (page 85). These* indicate that light, ram between 1 nun (0 01") and 2 5 nun. 
(O’ 10") occurs on the average on 13 days m the year near the head of the Bight of 
Bangkok and on 6 to 10 days at the coast stations on the Uulf of Siam and the south 
China sea. At Khonkaen there are only two days of such falls Elsewhere the 
number of days of falls between 1 mm. and 2-5 mm. varies between 4 and 8. 
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Comparison of monsoon rain in Upper Siam with monsoon rain in India 

21. With a view to compare the monsoon rainfall in Upper Siam with the con- 
temporary rainfall in India the mean rainfall of Upper Siam based on the data of 
52 stations was calculated for the accepted monsoon season in India, June to Sep- 
tember, for eacli of the years 1907 to 1920 The normal rainfall for these months 
is 32 5*. The departures fiom normal for each of the years is given below : — 


Table IV. 


1 

1 

1 

1 0 

1 




■ 

5 

6 

B 

8 

9 

19004- 


1 

" i 

. . 

. . 

. . 

. 


—4-7 

4*7-2 

4*6-5 

1910+ j 

fl 3 

-1-7 | 

—1*2 

—3-9 

—11 

— 0 9 

+ 2-8 

+61 

—2-1 

—4-6 

1920+ .. • ! 

1 

—3-7 

+ 1 5 

-f 10 

—3 8 

4-1*2 

—3 7 

1 

+3-9 

l 

■■ 

•• 


22. The above data were then correlated av ith the departures of the contemporary 
monsoon rainfall of the 32 sub-divisions of India. The coefficients obtained are given 
in Table V and are plotted in figure 8 


Table V. 


Correlation coefficients of Upper Siam rainfall , June to September , with the contemporary 

rainfall rf- 


Lotfer Burma 

— 0*24 

Rajputana East . . 

4- 0 63 

Upper Burma . 

+ 0-41 

Gujarat 

4- 0-40 

Assam 

— 0 07 

Central India West 

4* 0-36 

Bengal 

+ 0 13 

Central India East 

+ 0-42 

Orissa 

+ 0 04 

Berar 

+ 0-48 

Chota Nagpur 

— 0 11 

(' V West 

4- 0-34 

Bihar 

— 0 01 

0 P East 

4- 0-10 

U. P. East 

+ 0 30 

Konkan 

4- 0-04 

U. P. West 

4- 0 36 

Bombay Deccan . . 

4- 0-21 

Punjab E. and N 

+ 0 69 

Hyderabad, North 

4- 0-46 

Punjab S W. . 

+ 0 60 

Hyderabad, South. . 

4- 0-46 

Kashmir 

4* 0 69 

Mysore 

4- 0-08 

N. W. F. P 

4 - 0 63 

Malabar 

— 001 

Baluchistan 

4- 0-25 

Madras Southeast . . 

4- 0-47 

Sind 

4- 0-37 

Madras Deccan. . 

+ 0-44 

Raj pu tana West 

+ 0-72 

Madras Coast North 

4- 0-40 


23. To find out which of the above values may be considered significant we may 
proceed as follows. It is known that Z= J l°8 e !~~ Vft ri©B very nearly according 
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to the ‘ normal ’ law and has a standard error = - . — where n is the number of 

yf n-3 

values of each of the correlated variables*. Hence if the two variables are uncorre- 

*674 

lated, the probable value of Z is In our case n = 20 ; thus the probable 

•674 

value ofZ= ^=p = .164. The probable value of the greatest of 32 random values 

of Z is therefore • 164 x3* 41 = • 56, using the table given by Sir Gilbert T. Walker f* 
The value of r corresponding to this value of Z is • 51 and is the probable value of 
the greatest of 32 random coefficients between uncorrelated variables. Hence m the 
above table coefficients which exceed 0*51 may be accepted as indicating a real 
relationship ; they are printed in thick typo. 


24. It will be seen that the coefficients with most of the subdivisions in north- 
west India exceed this figure. With North-West India as a whole, which term includes 
the West United Provinces, the Punjab, Kashmir, the North-West Frontier Province 
and Rajputana, the coefficient is +*73. With the Peninsula, which term comprises 
Gujarat, the Central Provinces, the Konkan, the Bombay Deccan, Hyderabad and 
the north Madras coast, the coefficient is -(-’49. 


25. Northwest India is mainly under the sway of the Arabian Sea branch of the 
monsoon and conditions which favour its activity there would therefore seem to run 
parallel with conditions which stimulate the activity of the Bay monsoon in Upper 
Siam For example one of the stimulating factors is the westward movement 
of depressions from the head of the Bay of Bengal into northwest India ; this is 
favoured by a more northerly position of the subtropical anticyclone separating the 
easterly and westerly circulation in the upper air. Such a displacement of the anti- 
cyclone over the China Sea area is also presumably favouiable for the westward 
passage of typhoons from the China Sea across the Indo-Chinese peninsula. Higher 
pressure relatively to the normal over northeast India than over Gujarat is known to 
be favourable for rain in northwest India Such a pressure distribution, as also one 
in which pressure is higher, relatively to the normal, over northeast India than over 
Lower Burma, would tend to deflect the Bay monsoon more towards Upper Siam. 
This is confirmed bv the following correlation coefficients : — 


Table VI. 


Monsoon rainfall June to 
September 



Upper Siam. 

N. W India 

; 

Pressure gradient June to September . 



Calcutta — Rangoon 

-f 51 

-b 40 

Calcutta — Veraval 

-b 54 

+ -69 

Lahore — Veraval 

+ -44 

+ -ee 


26. It is interesting to see that the table of correlation coefficients of the monsoon 
rainfall of ‘ India Chief ’ with the contemporary rainfall of the sub-divisions indicates 


* R. A. Fisher : Statistical methods for research workers, 1930, III edition, page 164. 
t Indian Meteorological Memoirs, Vol. XXI, Part IX, page 15. 

MSODQofOb 
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relationships which are similar to the relationships suggested by Table V Further 
the monsoon rainfall of the divisions having coefficients of • 4 and above with Upper 
Siam rain have high mutual correlation coefficients *. 

27 It is well known that during the retreating or c northeast ’ monsoon season 
the rainfall of southeast Madras is to a large extent influenced by the position of the 
seasonal low in the south of the Bay ; a westerly position of the low nearer the Coro- 
mandel coast is favourable for rain in the south of the Peninsula, whereas a more 
easterly position near the south Andaman Sea is unfavourable. Since both south- 
east Madras and Lower Siam are partly dependent on the moisture coming from the 
south of the Bay of Bengal, it may be expected that there would be an opposition 
between the rainfall of these two regions in this season. To test this the correlation 
coefficient between the rainfall of southeast Madras and of Lower Siam was calculated 
during each of the months October and November. 


Table VII. 



Rainfall of southeast Madras . 


< )ctobor. 

November 

Rainfall of 

Lower Siam, west coast 

— W 

+ *25 

Lower Siam, east roast 

— *07 

+ 27 

Lower Siam, both roasts 

— 15 

-f '40 


In the month of October there is a marked opposition between the rainfall of 
southeast Madras and that of the Bay of Bengal coast of Lower Siam , but with the 
rainfall of the east coast of Siam southeast Madras rain has no relation. In the 
month of November on the other hand there is a positive relation between south- 
east Madras rain and the rainfall on either coast of Low er Siam. This indicates that 
with the more southerly position of the seasonal low in this month, the opposition 
between the land areas on either side of the south of the Bay gives place to sympathy, 
both the regions benefiting more or less by any northward displacement of the seasonal 
low. 

Forecasting of the monsoon rain of Upper Siam. 

28. The fairly close relationship between the rainfall of Upper Siam and that of 
northwest India during the period June to September suggested that formulae 
similar to those in use for the forecasting of the monsoon rain in India might be ob- 
tained for foreshadowing the monsoon rain of this region. 

29. Accordingly the correlation coefficients wore worked out between Upper Siam 
rain and the quarterly pressure and temperature data of various centres of action, 
which had shown a relationship with the monsoon ram of Northwest India and the 
Peninsula, f Table VIII gives the coefficients obtained For the stations included 
in the pressure centres a reference may be made to Ind. Met Mem., Volume XXIV, 
Part IV, Chap. II, page 88. 


* Vide Indian Meteorological Memoirs, Vol. XXV, Part II, page 23, Tables E and F. 
t Indian Meteorological Memoirs, Vol. XXIV, Part X, pages 334-5 and 339. 
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Table VIII. 

Correlation coefficients of Upper Siam rainfall June to September with : 



Years of 
data. 

Two quarters 
before Siam. 

One quarter 
before Siam. 

Contemporary 

quarter. 

Dec. — Feb. 

March — May. 

June — August. 

Pressure. 






S. America . . 

mm • • 

20 

— 09 

+ 56 

+ *41 

Tashkent 

■ e 

20 

— 25 

+ -to 

+ *36 

Central Siberia 

. . 

18 

— 07 

+ 58 

— -11 

Tokio 

. . 

20 

— -17 

— -11 

+ -28 

Manila 

. . 

10 

— 34 

— 34 

+ so 

Honolulu 

. • 

20 

+ 21 

-1 34 

+ m 66 

Samoa 

. . 

20 

+ 29 

+ 36 

+ -57 

S. E. Australia 

. . 

20 

— 03 

— -39 

— -14 

Port Darwin . . 

. . 

2D 

— 09 

— 32 

— 38 

Batavia 


20 

— 47 

— 29 

— -44 

Seychelles 

. . 

20 

— -33 

— 03 

— -36 

Mauritius 

•• 

20 

— 43 

— -28 

— -44 

Temperature. 






Dutch Harbour 

. . 

20 

— 13 

— • 47 

— -13 

South Orkneys 


17 

— -13 

— -02 

+ *20 


30. Applying the Z test as explained in paragraph 23 above we find that the pro- 
bable value of the highest of 14 random coefficients m each of the quarters in the above 
table is *44. In the winter quarter, December to February, there is only one coeffi- 
cient which exceeds this value, while in each of the other two quarters there are three 
coefficients above this value. It is seen, however, that the relations in the above 
table'are in the mam similar to those obtained for Northwest India and the Peninsula 
based generally on double the number of years*. Hence the coefficients may be 
treated with greater confidence than that warranted by the number of years on which 
they are based. 

31. The positive relation exhibited by South America pressure in the ‘one 
quarter before ’ persists in the contemporary quarter. Omitting March, the pressure 
of i (April+May) used in the Indian forecast formula has a coefficient of +0*56. 


* Vide Ind. Met. Mem., Vol. XXIV, Part X, pages 334-5 and 339. 
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32. Tashkent pressure has a positive correlation in the contemporary quarter 
with Upper Siam rain while with Peninsula and Northwest India rain it has a negative 
correlation. 

33. Central Siberia pressure (mean of Irkutsk and Yenisseisk) has a high positive 
correlation coefficient in the quarter March to May. With individual months, the 
coefficients are February + • 25, March + • 44, April + • 14, and May + • 45. 

34. The negative relation with Manila pressure in winter and spring becomes 
positive in summer. This change is also seen m the coefficients of Manila pressure 
with Indian rain and forces one to classify this centre as forming part of the Pacific 
group of the southern oscillation in summer, but of the Indian Ocean group in the pre- 
vious quarters. 

35. The positive relationship with the pressure of Samoa and Honolulu m the 
contemporary quarter is also seen in the previous quarters but is less marked. 

36. The coefficients with pressure in the Indian Ocean are less marked in the ‘ one 
quarter before 5 than m the other quarters, while with pressure at Port Darvrin the 
coefficients are more marked in the spring and summer quarters. With Equatorial 
pressure *, which is the mean of the pressure at Seychelles and Zanzibar m February 
and March, at Batavia from Junuaiy to April and at Port Darwin March to May, the 
coefficient is — • 42 

37. There is a marked negative relation with Dutch Harbour temperature m the 
previous quarter. With the months December to April the coefficient is — 40, 
while \ (March + April) used in the Indian forecast yields — 51 

38. The coefficients with the following elements were also calculated : — 

Western Himalayan, Riicm fall accumulation end of May . .. — -48 

India (whole), pressure May . . . . . . + -23 

Seychelles wind, June to September . . . . . . . + -38 

South Rhodesia ram, previous October to April .. .. .. — -35 

Cape Town pressure, September to November .. . . .. + '26 

The coefficients worked out with Seychelles May wind, and with May rainfall 
in the Zanzibar district, in Tenasserim, in south Ceylon and at Amini Divi and 
Seychelles were found to be negligible. Java ram of the previous October to 
February also showed no relation. 

39. It can be seen from what has been said above that the factors to be mainly con- 
sidered in deriving a forecast formula for Upper Siam ram are South America pressure 
i (April + May), Central Siberia pressure March to May, Western Himalayas snowfall 
accumulation end of May and Dutch Harbour temperature J ( March + April). To 
these may be added the pressure in the quarter March to May at Honolulu and Samoa 
on account of the improvement of their relationship in the contemporary quarter, 
and c equatorial pressure ’ and south Rhodesia rainfall on account of the fact that they 
have been used in the forecast formula of Northwest India and may be expected to 
give satisfactory results w T ith more years of data. 

40. The above remarks are subjective, and it appears worth while to apply a test, 
in which personal bias is eliminated, to find out which factors are likely to prove insig- 
nificant in the long run. Such an examination is possible using Fisher’s table given 


•hid. Met Mem , VoL XXIV, Part X, p. 340. 
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on page 665 of Proceedings of the Royal Society of London, Series A, Volume CXXI 
1928). The analysis is given in the following table : — 


Table IX. 



n 

r 

p 

South America pressure 

20 

4- 

•35 

0-23 

Central Siberia pressure 

18 

4- 

58 

0-23 

West Himalayas snow 

20 

— 

48 

0-12 

Dutch Harbour tempeiature 

20 

— 

54 

0 22 

Honolulu pressure 

20 

4- 

•34 

0-00 

Samoa pressure 

20 

+ 

36 

000 

Equatorial pressure 

20 

— 

42 

0 00 

6. Rhodesia lain 

20 

— 

35 

0 00 


n= number of years of data used 
r= correlation coefficient. 

p=is a lower limit to the probable value of the correlation coefficient m the long run, t t , 
when the number of years is very large 

We may consider that factors for which p =0-00 are likely to prove insignificant in 
the long run. On this assumption we see that the last four factors will have to be 
rejected 

41. With the other factors the following table is formed : — 

Table X. 



S. America 

Central 

Siberia. 

West 

Himalayas. 

Dutch 

Harbour. 

Siam 

. . 

. . 

+ -55 

+ 

i 

•58 

— 48 

— -54 

South America 

•• 

•• 


4- 

•21 

4- *04 

— -25 

Central Siberia 

•• 

•• 

• 

•■ 


— -52 

— -41 

West Himalayas 

•• 

•• 

’ 

• 


•• 

4- 34 


This gives the formula : — 

Siam rain = +-45 (S. America) + *25 (Central Siberia) 

— -29 (West Himalayas) — 23 (Dutch Harbour), 
and the resulting joint correlation coefficient R is *81. 
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42. The significance or otherwise of the above correlation coefficient was 
examined by the method given on page 227 of Fisher's book mentioned previously. 
The analysis is as follows : — 

Table XI. 


Variance due to 

Degrees of 
freedom. 

Sum of 
squares. 

Mean 

square. 

i logc. 

Regression formula 

4 

180*4 

45- 1 

1-91 

Deviations 

1.5 

90*3 

0 00 

0-90 

Total . 

19 

270 7 

•• 

•• 


The value of Z is 1*01. The one per cent, point test gives Z=0- 79 and hence we 
see that the joint correlation coefficient is significant. 

The calculated values with the above formula and the actual values are plotted 
in figure 9. 

43. I wish to express my indebtedness to the Director General of the Royal 
Irrigation Department, Siam, for kindly supplymg me with a part of the rainfall data 
used in this paper and to the Director of the Royal Survey Department, Bangkok, 
for giving the positions of the raingauge stations. 
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Table I. 


Rainfall Normals, Siam. 

Normal rainfall in inches printed in ordinary type. 
Normal number of rainy days printed m italics 



Jan. 

Fob 

Mai 

A pi. 

May 

Juno 

July 

Aug 

Sept. 

IX t 

Nov. 

IX. 

Year. 

] C'hiongrai 

0 48 

0 30 

0 01 

2 33 

0 06 

7 86 

9 40 

12 80 

8 13 

ft 33 

2 2ft 

1 16 

66 80 


1 0 

0 5 

/ n 

4 4 

9 5 

10 2 

7.3 7 

It 0 

9 7 

0 U 

2 S 

1 0 

Eza 

2. Chu-ngmni 

0 36 

0 09 

0 90 

1 68 

0 03 
✓ 

ft 08 

ft 73 

9 08 

9 48 

0 07 

2 28 

0 63 

47-87 


0 9 

0 3 

i r 

2 j 

A 5 

9 7 

10 3 

72 3 

12 4 

7 7 

3 6 

7 7 

71 3 

3. Lambliun 

0 31 

0 

0 81 

l 80 

3 17 

6 Ift 

4 79 

b 03 

7 93 

6 82 

2 41 

0-36 

11-23 


0 3 

0 1 

7 7 

2-J 

0 9 

7 1 

7 3 

ft 7 

8 9 

fi 9 

2 J 

0 9 

63 6 

4 Nan 

0 63 

0 24 

1 63 

2 78 

0 98 

0 OO 

7 76 

12 19 

9 11 

3 00 

1 23 

0 28 

52 28 


0 7 

0 J 

2 2 

J 9 

S 3 

7 0 

11 2 

12 9 

10 1 

/ .7 

/ 0 

0 3 

63 4 

5 Lam pang 

0 40 

0*13 

1 24 

1 60 

6 22 

4 34 

G oi 

7 10 

7 30 

4 39 

1 24 

0-32 

39 25 


0 J 

o 

2-1 

2 3 

7 3 

7 7 

A 7 

10 9 

9 7 

fi ; 

/ 7 

0 7 

J 8 0 

6 Prac 

0 66 

0 20 

1 93 

2 78 

6 30 

4 94 

G 06 

8 78 

8 77 

3 99 

1 06 

0 44 

45 39 


0 7 

0 7 

2 7 

/ / 

a ? 

warn 

10 7 

13-3 


; x 

7 » 

0 G 

68 8 

7. (Jtaraditli 

0 18 

0 31 

O 97 

1 4b 

1 

1 ;; 

0 01 

8 10 

8 78 

4 23 

1 50 

0 14 

44 27 


0 3 

0 7 

7 J 

J 7 

S 2 

ell 

10 7 j 

10 2 

77 7 

fi 0 

2 2 

0 1 

62 4 

8. Svangalok 

0 40 

0 21 

1 18 

1 78 

0 80 


ft 81 

0 Ob 

11 13 

4 70 

1 00 

0 24 

46 74 


i T6 

0 3 

2 1 


ED 

A 0 

* J 

10 0 

72 .5 

0 ? 

2 1 

0 7 

62 7 

9 Sukhodaya 

0 13 

0 18 

1 00 


3 87 

0 38 

7 31 

7 37 

8 95 

1 78 

2 35 

0 15 

46-01 


0 3 

0 2 

7 J 


6 3 

7 / 

7 J 

7 i 

fi fi 

7 2 

3 2 

0 3 

47-2 

10. Bisnulok 

0 44 

0 02 

1 34 

3 61 

0 30 

8 63 

9 49 

11 06 

12 30 

G 20 

1 49 

0 39 

01-78 


0 J 

1 0 

1 7 

3 7 

8 1 

9 X 

72 2 

12 J 

13 3 

7 3 

2 4 

0 7 

73 0 

11. Biclntra 

0 48 

0 80 

1 82 

2 84 

7 71 

8 78 

10 05 

12 27 

13 88 

7 10 

2 07 

0 28 

08 77 


m 


2 3 

2 9 

7 9 

9 J 

10 3 

It 9 

12 7 

0 9 

3 1 

0 0 

69 5 

12. Lomsak 

m 

oil 

2 13 

2 67 

6 20 

7 47 

0 98 

8 96 

10 81 

3 01 

1 73 

0 25 

51-62 


0 0 

■jnsi 

2 9 

J 9 

9 1 

10 7 

11 7 

13 1 

13 0 

J 6* 

1 7 

Bn 

73 6 

13. Bejrabum 

0-67 

RS 

1 63 

3 00 

6 00 

0 98 

8 06 

8 89 

9 97 

3 98 

1 29 

0 26 

61-80 


0 6 

Hpjj* 

2-1 

J 9 

8 7 

10 1 

11 1 

12 3 

72 1 

6 .3 

1 9 

m 

112 

14 Tak 

0 76 

0-13 

0 66 

0 98 

6 43 

4 ft 3 

3 53 

3 48 

7 90 


3 86 

m 

39-14 


o e 

m 

1 1 

7 7 

6 J 

7 o 

0 i 

J 3 

9 7 

Eg 

.3-5 

0 3 

61 2 

1ft Kambaeng 
Bejra. 

0 26 

m 

0 79 

0 90 

5 04 

0 43 

5 02 

7 03 

11 00 

H5 

2 82 

0 16 

48-89 

06 

m 

ira 

7 1 

6 7 

7 3 

7 2 

8 9 

9 8 


m 

0 3 

61 9 

10. NagorS\arga 

0 10 

0 01 

1 20 

1 99 

4 30 

4 07 

6 50 

0 81 

9 39 

E 

1 38 

008 

41-49 


0 4 

0 9 

m 

2 3 

6 5 

0 9 

7 3 

9 3 

11 7 

Q 

n 

0 3 

66 7 

17. UdayaDbam 

0-11 

0 68 


2 09 

4 81 

n 

0 31 

7 14 

10 00 

m 


0*23 

48 61 


0 3 

0 6 

IS 


5 7 

7 3 

7 8 

9 3 

10 4 

IS 

s 

IB 

654 
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Table I — contd. 



Jan. 

Feb. 

| Mar. 

Apl. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nrv. 

Dec. 

Year. 

18. Jaynad 

m 

B 


2 00 

6 60 

6 34 

6-13 


9 80 

8 18 

2 15 

B 

48 91 



B 

m 

2 5 

5 5 

Ep| 

6 3 

7 0 

9 0 

hT’I 

2 3 

m 

47-9 

10. Uttom 

0 27 

m 

1 98 

2 60 

8 13 

H ( / 

8 19 

8 70 

7 40 


0 87 

fl 

50 90 


0 3 


3 0 

3 8 

W 9 

% 

9 6 

11 9 

9 3 

m 

7 3 

n 

as i 

20. Locy 

0 31 

023 

1 10 

3 00 

6 66 


5 43 

6 73 

9 02 


1 18 

0 18 

44 63 


BE1B 


E 

4 1 

8 8 

H9 

7*9 

70 1 

77 7 

5 S 

2 0 

0 5 

as a 

21. Sakol-Nagor 



i ni 

ol| 

9 68 

0 50 

7 70 

12 40 

13 32 

3 04 

0 71 

0 01 

05 48 



n 

2 J 


10 0 

9 5 

V 9 

73 7 

77 7 

4 7 


0 7 

63 0 

22. Kkon-Kaen . 

0 50 

0*67 

2 78 

H3 

8 80 

8 36 

0 33 

11 08 

13 64 

7 83 


0 16 

08 82 


0 6 

7 0 

2 7 

Wl£ 


7 7 

6 8 

W: 


J 3 

EEs 

0 2 

03 0 

23. Roi-Etoli 

0 21 

0 81 

1 13 

*1 71 

7 04 

7 10 

7 78 



3 60 

1 02 

0 74 

53 33 


D 

0 9 

1 8 

3 9 

8 1 

7 9 

9 6 



4 3 

0 0 

0 5 

09 4 

24. Ubol 

m 

0 44 

1 26 

2 77 

6 03 

8 17 

10 06 

11 12 

12 81 

4 47 

0 97 

0 09 

50 81 


m 

0 7 

7 / 

/ J 

A 7 

10 7 

12 1 

73 9 

77 j 

.5 7 

7 ; 

0 7 

74 7 

20. Kuklian 

0 10 

0 40 

1 31 

4 04 

8 30 

7 23 

8 08 

8 00 

12 13 

0 06 

0 04 

0 11 

56 44 


0 1 

UM 

7 U 

7 7 

,S7 

V 0 


9 7 

77 9 

H i 

7 3 

0 3 

07 9 

20 flurindra 

0 21 

o 7o 

1 GO 

3 01 

6 80 

8 00 

0 81 

8 80 

12 .30 

0 30 

1 30 

0 57 

59 98 


0 3 

0 9 

7 9 

3 6 

8 5 

11 1 

77 ? 

72 0 

/3 J 

7 7 

2 0 

0 7 

73 3 

27. Jnivablium 

0 20 

0 47 

1 41 

4 21 

0 70 

1 4.1 

4 06 

0 33 

8 87 

4 82 

1 38 


41 18 



7 7 

2 l 



G 1 

7 1 

£ 0 

77 3 

; / 

7 0 

0 7 

07 0 

28. Bunramja 

0 03 

1 01 

1 08 



0 2o 

8 on 

8 01 

12 01 

8 .32 

2 16 

0 4.3 

04 .30 


0 7 

1 3 

2 1 

7 1 

A’ 3 

9 J 

8 7 

A J 

7J 3 

0 2 

2 0 

0 7 

61 6 

20. Nagor Rajasmia 

0 30 

1 48 

1 63 

3 08 

7 17 

0 26 

4 00 

6 40 


7 20 

l 84 

0 39 

48 00 


0 6 

1 7 

2 2 

•1 3 

A 1 / 

S 1 

6 9 

A 2 

77 9 

7 0 

2 J 

0 J 

63 2 

30. Singaburi 

0 10 

0 76 

0 06 

1 90 

.1 01 

0 11 

5 28 



7 33 

1 01 

0 30 

45 60 


0 3 

urn 

1 3 

2 6 

7 3 

7 8 

7 7 

70 7 

77 J 

3 7 

2 J 

0 5 

60 3 

31 Lobbun 

119 

0 70 

I 33 

2 21 

6 21 

0 73 

6 Go 

7 00 

11 08 


1 70 

0 19 

51 11 


HI 

0 9 

1 7 

2 4 

7 9 

7 3 

6 7 

70 7 

72 3 

3 J 

2 7 

0 3 

63 2 

32. Angtbong 

0 10 

1 28 

1 01 

1 94 

EQ 

7 10 

7 31 

7 30 

i 

11 24 

7 78 

2 32 

0 23 

55 03 



2 7 

1 7 

2 1 

Be 

8 9 

9 5 


72 5 

7 0 

2 7 

0 6 

66 6 

33. Saraburi 

HU 


2 08 

2 52 

7 41 

0 97 

10 73 

11 12 

14 86 

7 50 

2 17 

0 47 

70 07 


0 s 

0 9 

1 7 

3 1 

S 1 

10 1 


11 9 

72 3 

3 7 

2 7 

0 8 

70-7 

34. Ayudhya 

0 38 

0 74 

1 53 

2 43 

6 70 

7 24 

8 02 

7-80 

11 01 

7 12 

1 72 

0 36 

55 05 


WTm 

1 1 

2 1 

3 3 

m 

10 1 

70 9 

77 0 

73 J 

3 3 


mu 

72 1 

35. Pradum Dhani 


0 79 

1 28 

2 76 

m 

0 00 

6 01 

sal 

10 40 

8 30 


sl!9 

51 22 


0 7 

1 1 

1 9 

3 9 

m 

8 7 

9 6 

0 0 

72 3 

to 1 


n 

69-9 

36. Dbanyabun .. 


0-01 

EDi 

2 20 

5-07 

m 

7 45 

7 43 

11 38 

8 06 

2 23 

0 35 

53 40 


0-8 

0-7 

l-i 

3-1 

6-9 

8 1 

70-0 

70 1 

12 9 

9 7 

2 7 

0-0 

66 4 
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Table I — contd. 


J 

ran 

Feb 

Mar 

Apr 

May 

June 

July. 

Aug 

Sept. 

Oct. 

Nov. 



37 Nagnr Na\ ak 

0 47 

0 83 

1 09 

3 08 

8 44 

11 61 1 

15 18 J 

16-17 J 

16 77 

8 65 

1 60 

0 48 

80 27 


0 6 

0 9 

2 7 

3 4 

9 7 

13 1 1 

U .5 j 

/ j 

It 7 

8 5 

2 0 

0 ft 

8ft 8 

Pracbinbuu 

0 20 

1 18 

2 73 

3 40 

8 58 

10 84 i 

13 24 1 

14 8 ] 

14 38 

7 40 

1 67 

0 24 

78 90 


0 4 

1 1 

2 5 

i 1 

9 5 

11 3 1 

V2 3 x 

13 J J 

11 5 

ft 5 

2 1 

0 6 

75 1 

39 Kinbinbui i 

0 14 

0 33 

2 61 

1 83 

6 16 

11 34 

12 36 

12 45 i 

11 26 

7 23 

1 90 

0 45 

68-30 


0 3 

m 

2 1 

2 ) 

8 J 

9 8 

12 3 

12 4 

10 2 

J 9 

3 1 

0 7 

67 9 

40 Chaxoing-S.io 

0 28 

0 70 

2 40 

2 68 

1 81 

0 28 

6 48 

8 10 

9 14 

8 95 

1 98 


52-16 


0 5 

0 9 

2 9 

3 1 

7 5 

8 5 

mi 

11 5 

12 1 

10 1 

2 9 

B 


41 Jolburi 

0 41 

0 70 

2 14 

2 19 

5 33 

1 So 


5 14 

10 01 

0 41 

2 62 

ESQ 

50- It 


0 5 

1 1 

2 7 

2 7 

6 9 

J j 

7 A 

A / 

11 7 

10 2 

3 7 

0 9 

61 8 

42 Kiibainbuti 

0 31 

1 00 

1 81 

2 85 

5 20 

4 33 

5 74 

5 07 

10 87 

8 52 

2 54 

0 21 



o r, 

/ 1 

1 8 

2 J 

ft U 

ft 5 

7 3 

A 5 

12 5 

•S J 

2 J 

0 1 

59 0 

43 Nagm I’aUioni 

0 13 

0 98 

1 19 

2 43 

0 05 

5 41 

0 16 

5 86 

10 00 

8 00 

‘1 50 

o to. 

50 50 


0 2 

7 7 

2 1 

2 i 

ft 9 

s 7 

10 i 

10 0 

VI 1 

10 1 

7 | 

n . ■ 

| 

' in 7 

| 

41 Si mini i Si„< . 

0 22 

0 80 

2 21 

2 17 

5 70 

1 79 

5 00 

4 70| 

9 97 

Hi i2 

3 80 

0 !)* 

51 -30 


0 r > 

7 0 


2 i 

, / 

% 1 
/ » 

.V 0 

V 2 

12 1 

11 3 

5 1 

/ 1 

66 -, 7 

45 Miiilmu 

0 63 

0 111 

1 89 

2 20 

6 40 

5 14 

0 19 

7 07 

11 30 

9 49 

2 90 

1 IN) 

54 77 


0 7 

1 1 

2 7 

2 7 

7 5 

7 J 

9 1 

9 7 

12 1 

9 5 

3 i 

1 2 

67 1 

46 Non<l.il>iin 

0 41 

0 If) 

0 02 

1 58 

m 

4 18 

5 80 

0 12 

8 00 

8 0*1 

2 9.1 

0 10 

40 24 


0 J 

0 9 

/ 2 

7 0 

ft 7 

ft 9 

; s 

8 ft 

10 7 

9 ; 

J 3 

0 9 

58 9 

47 Bangkok 

0 14 

0 08 

1 52 

1 80 

5 17 

5 28 

0 52 

0 07 

11 00 

10 02 

2 98 

II .19 

53 19 


0 8 

1 2 

2 J 

2 7 

7 1 

A J 

10 2 

W / 

11 8 

12 t 

t 1 

0 9 

73 1 

48 Ilhrinburi 

0 25 

0 05 

I 10 

1 02 

0 70 

5 48 

7 10 

7 21 

10 28 

0 05 

3 07 

II 41 

53 73 


0 5 

1 1 

1 J 

2 7 

8 J 

9 7 

10 i 

7 7 

12 1 

11 7 

3 ft 

0 ft 

72- ft 

49. l’hiapradai ivj 

0 50 

0 '»4 

1 30 

2 17 

0 25 

5 70 

0 32 

0 17 

11 OO 

10 21 

3 00 

0 0.1 

55-00 


0 7 

1 5 

1 7 

2 7 

ft 7 

ft 9 

7 J 

7 2 

// 2 

9 2 

1 / 

/ 1 

59 J 

60 Hainudapi.ikar 

0 55 

0 74 

2 02 

2 60 

6 92 

1 24 

0 37 

5 51 

12 71 

0 40 

2 30 

0 80 

54 JO 


0 5 

1 1 

2 J 

2 9 

8 1 

3 7 

7 J 

8 " 

12 i 

9 9 

J 1 

J 1 

63 j 

61. Kanrlmniibiiu 

0 35 

0 59 

1 11 

2 40 

5 50 

3 74 

4 29 

1 91 

7 50 

7 17 

1 13 

0 25 

10 32 


0 3 

0 9 

1 3 

2 5 

J 8 

/ 9 

J / 

r7 / 

J 9 

ft ; 

2 3 

0 o 

41-4 

62 Raj n bur i 

0 12 

0 60 

0 87 

1 19 

5 70 

1 94 

5 50 

1 89 

9 35 

8 79 

3 >1 

0 31 

45 82 


0 3 

0 s 

1 3 

2 0 

7 9 

A / 

A 9 

A J 

11 3 

9 6 

3 ft 

0 9 

63 -2 

53. SamiidiiMingiani 

0 20 

0 54 

0 56 

1 20 

0 35 

6 40 

5 09 

5 0.1 

0 14 

11 34 

5 53 

0 15 

52 86 


0 3 

0 J 

0 8 

1 6 

6 9 

ft 9 

6 fi 

? ; 

9 9 

9 6 

3 5 

0 8 

54 y 

64. Bejabun 

0 17 

0 31 

1 52 

1 52 

6 35 

5 82 

5 68 

0 68 

10 06 

11 19 

6 15 

0 99 

56 44 


0 3 

0 5 

/ 1 

1 4 

6 9 

8 5 

8 8 

9 1 

11 1 

9 ; 

3 9 

If 

62 7 

66 Pracbwab- 
Kinkhan 

EH 

1 1 19 

1 36 

1 39 

3 39 

4 50 

4 72 

3 41 

4 48 

8 54 

4 39 


39 61 

1 1 

1 5 

2 1 

1 7 

4 3 


6 8 

ft 7 


1 

4 5 

1 

52-7 
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Normal number of trnny days (O']" or more) punted m ttahcs. 

Normal number of rainy days (1 mm. or more) printed in Heavy Italics. 



Jan 

Feb 

Mar 

Api 

May 

Jun< 

July 

A up 

N opt 

Oct 

Nov 

Dec 

| Year 

Chiengrai 

1 0 

0 t 

7 6 

/ / 

9 ; 

10 2 

13 7 

14 0 

■ 

■ 

■ 

7 0 

H 


0 

0 6 

1 8 

4 8 

tO 8 

tt 8 

IS 1 

IS 8 

II 1 

7 3 

3 2 

1 2 

81 9 

Biannlok 

0 J 

1 0 

1 7 

J o 

S 1 

9 -S' 

12 2 

7.* ; 

13 3 

7 3 

2 1 

0 7 

73 0 


0-7 

i t 

2 2 

3 S 

9 l 

11 7 

13 7 

14 1 

14 1 

8 2 

2 9 

1 0 

81 3 

T*t 

0 6 

0 } 

1 7 

7 7 

ft 1 

7 > 

6 4 

3 3 

9 7 

S 7 

3 o 

0 3 

61 3 


m 

0 3 

/•/ 

1 7 

7 1 

8 3 

6 7 

6 3 

9 9 

9 7 

3 9 

0 4 

86 3 

Nagor Swarga 

0 4 

0 9 

/ 9 

2 3 

6 8 

0 9 

7 3 

9 3 

11 7 

7 5 

1 7 

0 3 

56 7 


0-4 

EZj 

1 9 

2 5 

7 t 

7 9 

7 9 

9 7 

12 6 

8 1 

1 7 

0 3 

61 0 

Khon Ka^n 

0 6 

7 0 

2 7 

3 J 

6 9 

7 1 

G A 

■v -V 
! 1 

9 9 

J 3 

1 3 

0 2 

53 2 



1 1 

3 0 

3 7 

m 

7 3 

6 9 

7 9 

9 9 

8 9 

1 3 

0 3 

58 0 

Roi Pitch 


0 9 

/ 

3 9 

8 1 

. .9 

9 G 

9 ; 

11 7 

1 1 

0 9 

0 J 

59 4 


K 1 ' 

/ 1 

m 

4 6 

9 1 

8 v 

tO 8 

to 2 

12 3 

4 9 

1 0 

0 8 

654 

Nagor Nayak 

0 6 

0 9 

2 7 

3 t 

,, 7 

U1 

11 J 

16 1 

11 7 

8 J 

2 0 

0 6 

86 8 


m 

1 / 

2 9 

3 8 

10 8 

13 1 

IS 3 

16 9 

IS 1 

9 1 

2 2 

0 7 

91 3 

Bangkok 

0 s 

1 J 

2 1 

2 7 

• j 

8 J 

W 2 

10 4 

BB 

12 1 

1 1 

0 9 

73 1 


m 

1 3 

2 6 

3 i 

8 7 

10 0 

12 8 

12 7 


13 9 

4 8 

1 4 

86 4 

Raiahun 

0 3 

0 8 

1 3 

2 0 

7 9 

8 1 

A 9 

8 J 

77 3 

9 6 

3 6 

0 9 

63 '2 



0 9 

1 7 

2 2 

9 3 

m 

tt 5 

It 3 

12 0 

10 9 

4 3 

1 3 

76 5 

Chandahnn 

is 


i 1 

4 J 

10 8 

ESI 

11 9 

n t 

17 7 

10 l 

3 ft 

1 8 

100 3 


El 

2 l 

S / 

s t 

II 7 

16 9 

IS 4 

16 6 

16 4 

11 3 

3 9 

1 9 

108 3 

Chnmbom 

3 0 

B 

2 A’ 

4 0 

SI 

10 / 

10 2 

11 1 

9 1 

10 7 

10 1 

4 3 

66 7 


KB 

B 

2 9 

4 2 

8 8 

tt 9 

tt 0 

12 1 

10 8 

11 4 

11 1 

8 1 

95 1 

Takuapa 

B 

1 

/ 4 

J 3 

12 0 

11 1 

14 9 

Jo 4 

16 3 

11 9 

8 3 

3 5 

109 5 


B 

ll 

4 6 

S 8 

12 3 

14 6 

IS 3 

16 0 

16 3 

12 7 

8 7 

3 7 

113 4 

Nakon-Sri-Dhama- 

<J 3 

! 

3 0 

3 5 

0 1 

A 7 

7 J 

J 7 

.7 9 

8 1 

13 3 

16 7 

14 3 

102-1 

raj. 

9 7 

3 5 

4 l 

6 7 

9 9 

8 8 

6 9 

7 0 

10 1 

14 0 

17 8 

14 9 

112 8 

Pattan 

6 1 

1 3 

> 6 

2 0 

i 1 

J 6 

4 7 

J 2 

6 J 

7 7 

11 7 

9 7 

67-1 


6 6 

1 S 

2 9 

2-2 

4 6 

6 3 

4 6 

6 3 

7 8 

9 1 

12 4 

10 9 

73-7 


MSODCMObb— MS 81-W0-GIP8 












































Rainfall in inches, May to October Fig 3 Rainfall in inches, November to April 




Number of rainy days, May to October Fig 5 Number of rainy days, November to April 





Months of maximum rainfall Fig 7 Average daily intensity of rainfall on a rainy day 



INCHES 


1 Bay 1 (lands 

2 Lower Burma 

3 Upper Burma 

4 Assam 
3 Bengal 

6 Orissa 

7 Chert* Nagpur 

8 Bihar 

^ 3 United Provinces, East 
10 Do do West 


12 

Punjab, Southwest 

23 

13 

Kashmir 

24 

14 

!• W Frontier Province 

n 

13 

Baluchistan 

26 

16 

Sind 

27 

17 

Raj puts n a West 

28 

18 

Do Eart 

29 

19 

Gujarat 

30 

20 

Central India, West 

31 

21 

Do do East 

32 

n 

Berar 

33 


Fig. 8. 

Correlation between 
Upper slam rainfall 
June to September , 
and the contemporary 
rainfall of 32 sub- 
divisions of India. 


Deccan 
Coast North 



FIG 9 
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co^i kiva kces fob lifting the pens off the recording plate of 

THE DINES’ BALLOON METEOROGRAPH DURING ITS DESCENT. 

BY 

G. Chatterjee, M. Sc. and P. M. Neogi, B. Sc. 

(Received on 8th May 1931.) 

The pens of the Dines’ balloon meteorograph remain in contact with the record- 
ing plate when the instrument strikes the ground at the end of its descent ; invari- 
ably, therefore, there is a blur which obliterates a part of the lower portion of the 
trace. The portion of the record thus lost is found sometimes to cover a height 
of even half a kilometer above surface The humidity calibration lines are also 
occasionally covered up entirely by the blur caused by the hair hygrometer pen, 
especially if these lines are not long enough 

For reasons stated above, it was considered advantageous to develop a mecha- 
nism to lift the recording pens off the plate at some height above ground during the 
descent of the instrument Various contrivances were tried off and on during the 
last three years but those described below have been found satisfactory and simple 
The devices will be referred to hereafter as pen releases ” Two types of “ pen 
release ” have been devised, one for use with instruments which are intended to 
reach as high as possible and the other with those intended to reach only a pre- 
determined height — usually up to six kilometers 

The first type which we shall call the “ Water-freezing release ” depends for its 
action on the well-known expansion of water on freezing The freezing takes place 
inside a metallic tube filled with water and the release will work only when the ins- 
trument reaches beyond a level at which the temperature is of the order of— 10° C — a 
temperature at which water is sure to freeze in spite of super-cooling and temperature 
lag Bounding balloons sent up with a view to have an unrestricted ascent mostly 
reach a much lower temperature, thus ensuring the freezing of the water and hence 
the working of the release 

I (1) a photograph of the “ Water-freezing release ” A is the water- 
filled tube, B is a lever capable of turning round the wire nail pivot C D is a wire- 
nail stuck through the wooden standard (K) which lias a wooden off-set pm at E 
(same as Em Fig, I (2) which is more clearly in view) F is a spiral spring which, on 
being released, is intended to pull the wooden wedge that holds down the flat pen- 
lifting spring of the meteorograph. The tube A is shown in detail in Fig. II. It 
consists of two halves A l and A 2 each of which ends in a flange, (L x and Lg) The 
two halves are cemented together bv a layer of shellac between the flanges. W 
(Fig. II) is a scroll of wire gauze soldered to the plug Gi This scroll forms a core 
inside the tube A, leaving a space of about 1/32" all round. It helps the freezing of 
water and melting of ice. It also facilitates the two halves of the tube to be held 
together after the freezing cracks the shellac joint and separates the flanges. 

It is clear from Fig. I that the spring F slips off the lever B when the two halves 
of the tube A separate. Sometime during the ascent of the balloon the water inside 
the tube A freezes and the resulting expansion cracks the shellac joint, but the two 
halves continue to be held together by the core of ice, against the pull exerted by the 
spring and the lever that tends to separate them. During the descent of the instru- 
ment, however, the ice melts at some stage and the two halves are pulled apart. The 
lever is thus made to turn round and the spring slips off. 
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Prom Fig III will bo clear how tho action described above is utilised to pull the 
wedge that holds down the pen-lifting spring. This wedg<\ as shown in Fig. IV at 
M, is inserted with its taper pointing upwards. The thread attached to the bottom 
of this wedge is tied to the stretched spiral spring of the release mechanism. (See 
Figs. Ill and IV). The release u attache! to the instrument cage in the position 
as shown in Fig JII \\ ith the help of the offset pin E, (Fig. 1), which engages in a ferrule 
fixed to one longitudinal ring of the cage and is fixed in position by melted shellac. 
The position of the ferrule relative to the cage and the orientation of the release 
mechanism are so adjusted that the axis of the spiral spring is roughly m the same 
line as the string that joins it to the wedge of the meteorograph while in position 
inside the cage This adjustment ensures that, when the spring slips off the lever 
and its tension is transferred to the string, the whole — and not a mere component — 
of this tension is effective in pulling off the wedge f-arc is also taken not to leave 
any sag on the connecting string so that the maximum pull of the spring is made 
to act on the wedge. 

It is obvious that the tension of the spring, the pressure of the pen-lifting spring 
on the wedge, the diameter of the tube and flange all require to be relatively adjusted 
in order to prevent- failure m the action of the release-mechanism. It is also neces- 
sary to fill the tube A without leaving any air bubble inside This is done by uu- 
screwing the plug Go, filling the tube with water with the help of an air pump and 
finally screwing in the plug 

• Fig. V is the photograph of a trace from one of the meteorographs sent up with 
the pen release just- described Points X and Y on the temperature and humidity 
traces respectively show where the pens have been lifted off the plate and have 
thereby pre\ented a bhn It will Ik* useful to compare this record with Fig VI 
wherein a trace obtained without the use of the pen-release is shown 

The second type of release show'll in Fig I (2) and Fig VII differs from the 
first type only in its mcehanism for releasing the spring. Here, the tube A is re- 
placed bv the eateli H which engages with the hook 1 at one end and an offset pm at 
the end of the lever B at the other end The lever is thus held inclined, engaging 
the stretched spring exactly a j m the ease of the water-freezing release The release 
of the spring is effected bv disengaging the catch which is done by the pressure 
of a cork «J blown off fiom the mouth of a small test tube R. This tube contains, 
just under the coik, a bolus h of cotton w r ool filled with sodium bicarbonate. A 
little solution of citric acid is contained at the bottom of the tube. The test tube 
is attached to one arm of a level, to the other arm of w T hich is attached a small sail S 
made of paper pasted over a light w ire frame. This lever turns round an axis at 
right angles to the wooden uptight K and in a plane parallel to that of the lever B. 
During ascent of the balloon the sail S hangs down and the test tube occupies a 
vertical position, as show'll in Fig VII, but during descent the sail is caught in the 
upward draught and is therefore pressed upwards against the sides of the cage. The 
test tube thus takes up a position somew'hat inclined downwards from the hori- 
zontal. In this position, the cork closing the mouth of the test tube points towards 
the catch H and is very near to it as shown in Fig I (2) , also, the tilting of the tube 
brings the acid into contact w'it-h the bicarbonate inside the bolus of cotton wool. 
The pressure of carbon dioxide, generated m the chemical action that follows, blows 
out the cork w r hich, m turn, disengages the catch. The rest of the action is identical 
with that of the water-freezing release. 

The gas-pressure release, as we may call this, has been successfully used for 
restricted ascents in which the lowest temperature likely to be encountered by the 
instrument is higher than the working temperature of the water-freezing release. 
Intemperate latitudes where the ground temperature is so low that the ice formed 
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in the tube of the first type of release has no chance of melting sufficiently, or at all, 
to release the two halves of the tube before the instrument strikes the ground, the 
gas pressure release can, by selecting a suitable acid, be used with advantage. The 
frozen during ascent will melt sometime during the descent and, except in ex- 
ceptional circumstances, will come in contact with the cotton wool containing the 
carbonate ; the resulting chemical action will blow off the oork before the instrument 
reaches the ground. The cork should however be sufficiently tight to prevent it 
from being blown off or forced out during ascent due to reduction m the atmospheric 
pressure at high levels. 

Fig. VTII is the photograph of a record from an instrument sent up with this 
type of release by means of a balloon arranged to deflate at a predetermined height. 
The pens in his case were taken off the plate almost immediately after the balloon 
began to descend after deflation. 
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BY 

6. Chatterjee, M. So. 

(Received on 8th May 1931.) 

In India, where a large percentage of sounding balloon meteorographs fail to be 
retrieved at all, the cheap Dines* meteorograph seems to be the only instrument 
suitable for Upper Air Sounding on a large scale. The temperature and pressure 
scales of the original Dines* meteorograph are however too small and thereby render 
it unsuitable for low ascents. The instrument has therefore been slightly modified 
at Agra so as to give pressure and temperature Rcales about twice as laTge as that of 
the original instrument. 

When soundings of only the lower layers of the atmosphere are desired, it has 
to be arranged that either the meteorograph will be released from the balloon or the* 
balloon itself will fall down after emptying itself of its hydrogen gas, when it has 
reached a predetermined height. The latter method is the more advanta- 
geous in so far as the balloon is retrieved and can be used again (this has been 
found possible with Vulpro tissue balloon used in India) and m that the balloon 
serves to attract the finder’s attention better than the less conspicuous instrument 
with its bamboo cage. A contrivance by which a balloon is mado to empty out its 
gas rapidly after a predetermined height is reached was developed some years ago by 
Mr. J. H. Field under whose direction the present author successfully used it to 
study the detailed thermal structure of the atmosphere in the first kilometre above 
ground over Agra. Later on, Mr. Field’s method was successfully used by the 
author both at Agra and during an expedition in Bengal for detailed soundings 
up to a height of about 3 kilometers above ground. A description of Mr. Field’s 
“ Clown Balloon ” as he called it will bo given in another paper 

The “ Clown Balloon ” as designed by Mr Field was not found suitable for 
carrying light instruments. It is not easy of manipulation in strong wind. It is 
also not quite hydro gen- tight and can therefore be used only for ascents of a few 
minutes* duration. For these reasons, another type of self-deflating balloon has 
been developed and found useful. A description of this type of balloon will 
precede that of the open-scale meteorograph of the Dines* type in the following pages. 

The balloon used is one made of vultex tissue. It is without a neck but has a 
circular opening on its surface as shown at 0 in Figure I. This opening serves as 
the mouth through which the gas is emptied out. The mouth is normally kept 
closed by being pressed between two flat strips of wood W (See Figures III and IV). 
This is done after it is folded and stretched, as shown in Figure II, to remove the 
frills. The flat wooden strips are tied together, with the folded mouth of the 
balloon in between, in the manner shown in Figures III and IV. The cork wedges 
(C, Figure IV) keep the flat pieces of wood well pressed against each other and the 
balloon tissue, thus effectively and completely preventing escape of hydrogen gas. 
The tying of the mouth of the balloon between the wooden strips is done by a tape T 
which is intercepted as shown at A by a cotton thread treated with potassium chlo- 
rate. This thread passes through diametrically opposite holes in a tube U made of 
paper and treated with molten paraffin, which serves not only to stick the folds of the 
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paper but to make the tube acid-proof. The tube is made by wrapping paper 
round the same glass tube which is later on to be used as a container for the acid 
solution as described below. The balloon is filled with hydrogen through a second 
tubular opening (P, Figure VI) after the mouth is tied as described above. 

A glass U-tube closed at one end and containing a saturated solution of chromic 
anhydride in sulphuric acid is utilised to burn the thread and open the mouth of the 
balloon. The column of sulphuric acid and the air-space above it at the closed end 
are so adjusted that, at the pressure and temperature corresponding to the height 
at which the balloon is desired to operate, the sulphuric acid reaches the open end 
of the U-tube, due to expansion of the air column. The length of the air column and 
its expansion are calculated with the help of the normal pressure and temperature for 
different heights as obtained from previous ascents. The acid-filled U-tube B is 
inserted in the paper tube (vide Figure V) such that the open end just touches the 
chlorated thread. When the balloon has reached a height roughly equal to the pre- 
determined height, the acid comes in contact with the thread and burns it. Subse- 
quent action of the balloon will be clear from Figure VI. The burning of the 
thread releases the wooden strips from the mouth of the balloon, which then opens 
out. At temperatures below 0°C there is always a tendency for the folded tissue 
to stick, even when the surfaces are dusted with french chalk. This is due to the 
freezing of the water vapour present in the gas. It is for this reason that the mouth 
has been provided on the spherical surface of the balloon instead of at the end of a 
neck, so that the tension of the inflated balloon assists the opening of the mouth after 
the wooden strips are released. As the instrument is suspended from loops attached 
to the pieces of wood and a thread D connects these loops to the top of the balloon 
(as shown in Figure VI) the weight of the instrument is transferred from the 
mouth to the opposite end as soon as the mouth opens out. The balloon thus 
inverts and the gas is emptied out of the open mouth , within a short time the balloon 
collapses and begins its descent with the instrument. 

The chemical action which is responsible for burning the thread takes place only 
at temperatures higher than about — 1 4°C The method of opening the mouth as des- 
cribed above has therefore its limitations Sulphuric acid of density 1 • 2 does not 
freeze and can react on alkali metals at temperatures much lower than the above. 
Experiments are in progress to utilize this chemical action to open the balloon 
mouth at lower temperatures. 

Commg now to the open scale meteorograph, any one acquainted with the 
original Dines’ instrument can clearly see, from Figure VII, the essential alterations 
that have been made to obtain a more open scale. The attachment of a second 
aneroid to increase the pressure scale needs no description but a short description of 
the temperature grid is perhaps necessary. 

The grid is constructed more or less on the lines indicated by Fergusson* for an 
open scale meteorograph for use with rockets. A detailed view of the temperature 
grid is shown in Figure VIII. The frame C D E F is of invar. The loop L of the 
bridge piece allows the hair of the hygrograph to pass through without touching the 
grid or the frame of the instrument. The elements H, H' are made out of hard 
drawn brass sheet ’010" thick. This thickness has been found to give sufficient 
rigidity to the grid without introducing undesirable temperature lag. The spring 
hinges J and K are as usual pieces of watch spring. M is the hygrometer pen to 
which one end of the hygrometer hair is attached. The complete grid is attached to 
the frame of the instrument at two points A and B, Figure VII. 

* Vide Monthly Weather Review, Vol. 48, p. 321-322 
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Figure IX gives a comparative idea of the scales of the original Dines’ instru- 
ment and the open scale instrument. The ranges covered by each set of calibration 
lines shown in the photograph are : — 

Pressure, 659 mb. 

Temperature, 31°C. 

The photograph shows the original magnified 3 times. 

Figure X is the record obtained by an instrument fitted with the double tem- 
perature grid and a single aneroid. For unrestricted ascents such instruments are 
being used in India in place of the usual Dines* instruments, as the records obtained 
from the former can be measured more accurately. The temperature range covered 
by the calibration in the record mentioned above is 80°C. The photographic magni- 
fication of the record is 4. 

Figure XI is a record obtained by the use of the modified instrument with two 
aneroids and a double temperature grid. The trace extends to about 4*6 kins, and 
the photograph shows the trace magnified 4 times. 
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4. The influence of moon’s distance upon the atmospheric tide 10) 

5 Conclusion (§ 11) 

1 This paper is a continuation of a similar paper by one of the authors, 1 dealing 
with the atmospheric tide at Bombay The determination of the atmospheric tide 
at Greenwich, 2 Batavia and Hongkong, i Aberdeen, 4 Mauritius and Tifhs, 5 and 
Madras, Helwan and Mexico has been given by Chapman and his eollaborators 
and at Potsdam and Hamburg 7 by Bartels The determination tor two more 
stations, Kodaikanal and Penyakulam, have been given in tins paper 

2. Kodaikanal is situated on the Palm hills m South India, its approximate 
geographical co-ordinates being— 

Latitude 10’ 14' North 

Longitude • • 77 28' East 

The height of the barometer cistern above* sea level was 7 ,(>88 ft 

Penyakulam is situated at a distance ol about 15 miles horn tin* foot of the Palm 
Hills, its approximate geographical co-ordinates being— 

Latitude !<>' <>9' North 

Longitude • 77 J 33' EaHt 

The height of the barometer cistern above sea level was about 911 ft 

The difference m the height of the two barometers was (5,7 11 ft , and the dis- 
tance between the two stations was only about 8 miles Except Mexico, which 
is about 7,480 ft. high, all the stations for which the lunar atmospheric tide has been 
determined are low level stations, most of them being situated on or near the sea 
coast. The pressure data for Kodaikanal and Penyakulam an* suitable* for the 
determination of the dependence upon and variati on with height of the lunar 

1. g t Pramanik, Mem Ind Met. Dept Vol XXV, Part 8 

2. S. Chapman, Q J R Meteor Soc 44, 1918, p 277 

3. S. Chapman, t bid.. 45, 1919, p. 113 

4- S. Chapman and E Falshaw, ibid , 48, 1922, p. 240. 

5 S. Chapman, ibid., 50, 1924, p. 99 

o S. Chapman, and M. Hardman, Memoir R Meteor Soc II, 19, 1928, p. 153. 

7. J. Bartels, Veroff. d. Preuss. Met. Inst., Abh. Bd. VIII Nr. 9, 1927. 
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atmospheric tide, which has not been investigated so far. One of the main objects 
of the present analysis was to get an idea of this dependence upon and variation 
with height. 

3. The hourly values of barometric pressure at Kodaikanal and Periyakulam 
used in this determination were obtained from the tabulation of similar Richard 
barographs which were daily compared a number of times with a standard barometer. 
The period covered by the date for both the stations was the seven years, 1902-1908. 
The hourly pressure data for Kodaikanal and Periyakulam are neither’ so accurate 
nor so reliable as for Bombay and the number of years for which data have been 
analysed in this paper is much less 

4. The method followed in the reductions was similar t< > that adopted by Pramamk 
in the determination of the lunar tide at Bombay which was based on the method 
used by Chapman. Twenty-six columns were used to allow for the lion-cyclic varia- 
tion. The mean monthly solar diui nal variations \\ ere removed from the data of the 
corresponding months before tabulation for computation. Days of range greater 
than or equal to -01" after the removal of the solar diurnal variations, and also days 
for which some hourly readings were missing, were neglected The number of days 
thus neglected was 3 for Kodaikanal and 92 for Penvakulam The analysis in this 
case is less detailed than for Bombay, as results tor the 9 decimation and the 8 distance 
groups were not worked out The diurnal inequalities for groups of days centred 
at apogee and perigee were, however, formed and the harmonic coefficients 
calculated. 

5. Small phase corrections were necessary for Kodaikanal and Periyakulam as 
the times of lunar transit at Greenwich, directly obtainable from the Nautical 
Almanac, were used in the computations instead of the times of lunar transit at these 
places. The corrections on this account tor Kodaikanal and Periyakulam were 

5*3 and ■ — 5*4° for the second Fourier component 

A further correction was necessary as the calculations did not. refer to full hours 
of local mean times but to 1 S. T or almost 20 minutes earlier On this account 
the corrections for Kodaikanal 41 ml Periyakulam were — 9*7 ,J and 9- 5° 

Thus the total phase corrections were as follows : — 

Kodaikanal 

Periyakulam 14 • 9 C 

The unit employed for pressure is 1 microbar 

The annual mean atmospheric tide. 

6 The period of seven years for both the stations was divided into 2 groups of 
4 and 3 years, and each of these groups was analysed separately. The values of the 
second rouner coefficients are given below •— 
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Both for Kodaikanal and Periyakulam, the amplitude and phase are greater for 
the first than for the second period. The mean amplitude for the two stations are 
equal, though the mean phase is about 6° greater for Kodaikanal. Thus there 
appears no appreciable change in amplitude with height, but the phase is greater 
by about 6° at the higher station. 

The seasonal mean atmospheric tide. 

7. The results of summer, winter and equinox, including respectively the months 
May to August, February to March and March, April, September and October, are 
given below for the two periods of 4 and 3 years. 

Table II. Lunar Atmospheric Tide in Summer . 



Period 

No. 

of 

days. 

C 2 . 

o*. 

Period. 

c 2 . 

o 2 

r 

1902-05 

474 

1 

47 

82 




Kodaikanal < 





)■ 1902-08 

49 

80 

1 

1906-08 

350 

51 

78 

J 



r 

1902-05 

400 

42 

08 

'l 



Penvakulam . < 





HEMS 

47 

65 

l 

1906-08 

345 

52 

03 

J 




The amplitude is greater in the second period while the phase is greater m the 
first for both the stations. The mean amplitudes for the two places are almost 
equal while the phase is greater for Kodaikanal. 

Table III . Lunar Atmospheric Tide in Equinox . 



Period. 

No. 

of 

days. 


62* 

Period. 

c 2 - 

02- 

r 

1902-05 

470 

71 

91 




Kodaikanal . < 



1 


V 1902-08 

61 

82 

l 

1900-08 

353 

51 

74 

J 



r 

1902-05 

446 

72 

78 

1 



Periyakulam . . . . < 





)■ 1902-08 

63 

68 

\ 

1906-08 

330 

53 

| 58 

J 




Both for Kodaikanal and Periyakulain the amplitude and the phase are greater 
for the first period than for the second. The mean amplitudes for the two stations 
are nearly equal while the phase for Periyakulam is less. 
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Table IV. Lunar Atmospheric Tide in Winter. 



Period. 

No. 

of 

day 8. 

c 2 . 

02* 

i 

i 

Period. 

c 2 . 

e 2 - 

fl 

1 

1902-05 

465 

33 

42 

'i 



Kodaikanal . . < 





vmmm 

38 

42 


1900-08 

349 

43 

41 

J 



i 

f 

1 

1902-05 

450 

35 

44 

n 



Periyakulam . . -< 





HHI 

36 

39 

l 

1906-08 

1 

341 

38 

35 

V 




For both the stations the phase is somewhat greater for the first period than for 
the second while the amplitude is greater for the second period. Here also the mean 
amplitudes for the two stations are about equal while there is a tendency for the phase 
to be slightly greater for Kodaikanal 

8. For all the seasons both for Kodaikanal and Periyakulam 0 2 decreases and 
the variation in C 2 is similar from the first to the second period. The variation in C 2 
and 0 2 from one season to another at the two stations are similar, the maxima 
occurring in equinox and the minima in winter. It appears from a comparison with 
other stations 1 that the variation in 0 2 at Kodaikanal and Periyakulam is similar 
to that at most stations for which the atmospheric tide has been calculated, while 
the variation in C 2 is similar to that at Samoa and Hamburg only. 

9. The mean amplitudes at the two stations are nearly equal, while there is a 
tendency, more marked in the summer and equinox than in the winter, for the phase 
at the higher station to be greater. 

The variation in atmospheric tide with lunar distance. 

10. The results of the groups of days centred at apogee and perigee are given 
below . 

Table V. Lunar Atmospheric Tide at Apogee and Perigee. 


Period. 

No. 

of 

days. 

c 2 . 

02 

Period. 

C 2 . 

02- 

1902-05 

212 

29 

82 

1 







y 1902-08 

37 

85 

1906-08 

160 

44 

87 

J 



1902-05 

212 

35 

82 








>-1902-08 

34 

77 

1906-08 

160 

33 

72 

J 



1902-05 

212 

64 

66 

1 







>-1902-08 

66 

60 

1906-08 

160 

68 

53 

J 



1902-05 

208 

56 

57 








>- 1902-08 

64 

55 

1906-08 

160 

73 

53 

J 




• 







Apogee — 

Kodaikanal 

Periyakulam 
Perigee — 

Kodaikanal 

Periyakulam 


i 

■fl 

I 

{I 

I 

■■{I 

-{I 


At both the stations the amplitude increases from apogee to perigee by an amount 
much larger than that expected from the equilibrium theory. The phase decreases 

l . S. K. Pramanik, Mem. lad. Met. Dept., Vol. XXV, Part 8, Table VL 
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by about 25° at both the stations from apogee to perigee. This decrease in phase 
is similar to, though greater in amount than, the corresponding decrease at 
Bombay. Both at apogee and perigee the mean amplitudes at Kodaikanal and 
Periyakulam are nearly equal, while the mean phase is greater at Kodaikanal. 

Conclusion. 

11. The main conclusions are : — 

(i) The amplitudes of the semidiurnal component of the lunar atmoshperic 
tide (annual mean, summer mean, equinox mean and winter mean, and at apogee 
and perigee) at Kodaikanal and Periyakulam are nearly equal. This would definitely 
indicate that the amplitude of the second component of the lunar tide does not 
vary with height, (up to about 9,000 ft.). 

(ii) The phase of the second component is somewhat greater, (about 5° in the 
mean), at Kodaikanal than at Periyakulam. 

(lit) The second component increases in amplitude from apogee to perigee, 
that at the latter being almost double of that at the former. The phase, as for some 
other places, decreases from apogee to perigee 
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